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SNAP 


RELIABLE POWER FOR 
ELECTRIC 
PROPULSION 




A major advance in space power 
plants, the SNAP-8 Electric Generating 
system will deliver 30 kw of electric 
power for 10,000 hours. ..Result: for 
the first time space vehicles will 
be capable of long-term orbital and 
extraterrestrial missions. . . Additional 
SNAP-8 applications: continuous 
communication, data gathering 
and mapping, and life support. 
The SNAP-8 system is being developed 
by the Power/ Equipment Division 
of Aerojet-General. SNAP-8 is 



Engineers, scientists: investigate outstanding opportunities at Aerojet. 



purposeful imagination.... in form 


The men of Aerospace exercise high tc 
and configuration for advanced ballis 
Aerospace Corporation is chartered e; 
provide advanced systems analysis a 
corresponding technical direction of p 


:hnical competence and constructive imagination in the creation and assessment of form 
ic missile and space systems, a As a partner of the Air Force-science-industry team, 
elusively to serve the United States Government in this mission. The men of Aerospace 
id planning; theoretical and experimental research; general systems engineering and 
•ograms. o Through concept, research, development and completed mission the men of 


Aerospace improve the form of components, equipments, and systems. Trade-offs and interface considerations are objectively 
appraised on the basis of performance, reliability, and cost. □ Men with the depth and breadth of experience required to 
solve these interdisciplinary problems are needed by Aerospace Corporation, an equal opportunity employer. Highly skilled 
engineers and scientists with advanced degrees arc invited to contact Mr. George Herndon, Room 101, Aerospace Corporation, 
R O. Box 95081, Los Angeles 45, California. □ Organized in the public 
interest and dedicated to providing objective leadership in the advancement ( 
and application of science and technology for the United States Government. 
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PERFORMANCE RELIABILITY WITHOUT COMPROMISE 


* f 


FOR ON-COURSE GUIDANCE 




The finest inertial gyro available 
Trimmed drift rate: 0.01 degrees/ hour 
Size: 2.8 inches by 2.0 inches 
Weight: 0.7 pounds 
Angular momentum: 280,000 cgs units 


These Reeves fully floated miniature integra 
Gyros are the most painstakingly engine 
and most precisely tested instruments avai 
today for inertial referenoe and stable platf 
applications. 

field consistently emphasize reliability wit 
compromise . . . and by this we mean that Re 
Gyros are rugged, dependable components 
duced in quantity to meet rigidly defined 
formance criteria. Beryllium floats 
housings. For complete information, write 
Data File 703. 



AEROSPACE CALENDAR 


Mar. 22-23-Third Meeting, Acroballistic 
Range Assn., Ames Research Center, 
NASA, Moffett Field, Calif. 

Mar. 26-29— International Convention, In- 

Waldorf Astoria, t§ew York. 

Mar. 28-1 3th Annual Research Day, Case 
Institute of Technology, Tudor Arms 
Hotel, Cleveland, Ohio. ' 

Mar. 28-29— Third Symposium on Engi- 
neering Aspects of Magnetohydrodvnam- 
ics, University of Rochester, Rochester, 
\\ Y. Sponsors: American Institute of 
Electrical Engineers: Institute of the Aero- 
space Sciences; Institute of Radio Engi- 
neers; University of Rochester. 

Mar. 29-30-Fourth Annual Electron Beam 
Symposium, Alloyd Electronics Corp., 
Cambridge, Mass. 

Apr. 1-4— Mid-Year Conference, Airport 
Operators Council, Shoreham Hotel, 
Washington, D. C. 

Apr. 3-5— Launch Vehicles: Structures and 
Materials Conference, American Rocket 
Society, Ramada Inn, Phoenix, Ariz. 

Apr. 3-6'-National Aeronautic Meeting (in- 
cluding production forum). Society of 
Automotive Engineers, Hotel Commo- 
dore. New York, N. Y. 

Annual Scientific Meeting, 


lerospace 


in., Chalf 
N.J. 


:e Had- 


Apr. 10-12— Second Symposiu 

Plasma Sheath— Its Effect Upon Re-entry 
Communication and Detection, New Eng- 
land Mutual Hall, Boston. Sponsor: AF 
(Continued on page 7) 
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Don’t just take our word ask our customers, who are actually using 
thousands of DCS Discriminators! 

For example, consider reliability. Actual field data gathered by 
users has shown MTBF in excess of 5000 hours! What’s more, we 
guarantee our MTBF data! 

Also, DCS offers operator-controlled variable-loop tracking filters. 
Unlike inferior discriminators which are limited to a pre-set loop 
bandwidth and damping (claimed "optimum"), DCS Discrimina- 
tors permit complete operator control in adapting characteristics 
of the phase-locked loop for truly optimum data reduction. A bench 
demonstration will quickly prove the superior performance possible 
with operator control. Numerous comparative customer evaluation 
reports attest to the superiority of the DCS operator-controlled 
phase-locked loop when signals are extremely weak. 

The DCS family of discriminators offers the widest frequency 
ranges available. Discriminators to accommodate subcarriers in ex- 
cess of 1 me, intelligence frequencies in exceSs of 100 kc, constant- 
bandwidth, frequency translation, and predetection signals are 
standard, off-the-shelf products. 

For complete information on the entire family of DCS Discrim- 
inators and accessories, call your nearest DCS Field Engineer or 
write: Dept. AW-1-8. 


DATA-CONTROL SYSTEMS, INC 

'JiMtWMeKtatioK far rSeaeart/c 
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More efficient...standardized 
ground control cable 
developed with insulation of 

TEFLON 100 FEP 



The outstanding electrical, thermal and mechanical properties of 
Du Pont Teflon 100 FEP resin have been used to prototype a 
proposed standardized configuration for ground control cable at 
missile launching sites. The new cable offers optimum versatility 
to permit standardization . . . comparable installed cost with 
significant advantages in weight and reduced size... improved re- 
liability at ambient temperatures from -55° to 60°C., unaffected by 
aging, environmental conditions or chemical attack . . . and elec- 
trical properties far exceeding the requirements of MIL-C-13777. 

Tests indicate that the use of primary insulation and internal 
jacketing of Du Pont Teflon FEP resin permits a 20% reduction 
in diameter and allows a single cable to do jobs previously requir- 
ing four cables. 

Sketch of the newly designed cable construction, below, shows 
the compact configuration made possible by the use of FEP as 
insulation. 

If you are concerned with the design of ground support sys- 
tems, consider the various advantages offered by FEP: greatly 
reduced electrical cross talk, re- 
duced size and complexity of cable 
constructions, improved flexibility 
and greater reliability under diffi- 
cult operating conditions. 

For more information about the 
latest developments in wire and 
cable insulation utilizing Du Pont 
Teflon 100 FEP resins, write to: 
E. I. du Pont de Nemours & Co. 
(Inc.), DepartmentAV-319,Room 
2526 Nemours Building, Wilming- 
ton 98, Delaware. In Canada: 
Du Pont of Canada Limited, P. O. 
Box 660, Montreal, Quebec. 



TEFLON® 



....THROUGH CHEMISTRY 
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(Continued from page 5) 

Cambridge Research Laboratories. 

Apr. 11-13— Southwestern Conference and 
Electronics Show, Institute of Radio En- 
gineers, Rice Hotel. Houston, Tex. 

Apr. 11-13— Annual Technical Meeting and 
Equipment Exposition. Institute of En- 


Apr. 12-13— Eighth Anm 
Conference. Oklahoma 
Stillwater, Okla. 

Apr. 13— Coven: 


State Unive 


iity. 


. i, National Assn, of Professiona/con- 
tracts Administrators, Ambassador Hotel, 
Los Angeles, Calif. 

Apr. 14-16— Second Conference on Kinetics, 
Equilibria, and Performance of High 
Temperature Systems. University of Cali- 
fornia, Los Angeles, Calif. Sponsor: West- 
ern States Section/Combustion Institute. 

Apr. 16-18-Second International Flight 
Test Instrumentation Symposium, College 
of Aeronautics, Cranfield. England. 

Apr. 16-18— Aerospace Systems Reliability 
Symposium, Institute of the Aerospace 
Sciences, Salt Lake City, Utah. 

Apr. 24-26— Polytechnic Institute of Brook- 
lyn’s Symposium on the Mathematical 
Theory of Automata. United Engineering 
Center, New York, N. Y. 

Apr. 25-29— Western Space Age Industries 
and Engineering Exposition. Cow Palace, 
San Francisco. Calif. 

Apr. 26-27— Quarterly Regional Meeting, 
Assn, of Local Transport Airlines, Hilton 
Inn. Atlanta, Ca. 

Apr. 30-May 1— Annual Meeting, National 
Aeronautical Services Assn., Shoreham 
I lotcl, Washington, D. C. 

Apr. 30-May 2-Mecting on Manned Space 
Flight. Institute of the Aerospace Sci- 
ences, Hotel Chase, St. Louis, Mo. 

May 1-3-Spring Joint Computer Confer- 
ence, Fairmont Hotel, San Francisco. 

May 2-4— 18th Annual National Forum. 
American Helicopter Society, Sheraton 
Park Hotel, Washington, D. C. 

May 2-11— International Space Research and 
Technology Exhibition, London, England. 
Sponsor: British Interplanetary Society. 

May 3-4— First International Congress on 
Human Factors in Electronics, IRE, La- 
fayette Hotel, Long Beach, Calif. 

May 7-9— Materials & Processing for Space 
Environments Symposium. Society of 
Aerospace Material and Process Engi- 
neers. Hotel Statler, St. Louis, Mo. 

May 7-1 1-Annual Conference. Society of 
Photographic Scientists and Engineers, 


i. Mass 


Cosp. 


sor: AF Cambridge Research Laborat 

May 7-11—1962 Tool Exposition & Engi- 
neering Conference, Public Auditorium. 
Cleveland, Ohio. 

May 8-10-1 2th Annual Electronics Compo- 
nents Conference, Marriott Twin Bridges 
Motor Hotel, Washington, D. C. 

May 14-16— National Aerospace Electronics 
Conference, Institute of Radio Engineers, 
Biltmore Hotel. Dayton, Ohio. 

May 14-16— Joint Technical Society-Depart- 
ment of Defense Symposium on Thcr- 


Colorado Springs, CoIg 

(Continued or 


Antlers Hot. 



AAl in ryrn o V Man is accus, ° n ' ed to lhe age-old concept of night 
OULAIl til L llll I and day. Long hours of sunshine, equally long 
ill || fqp TU CD C 10 hours of darkness - N °t so, during Earth 
VV 11 1 lit IntnC 10 Orbit, in the unexplored regions of outer 
ua C 1 1 kl Space ' when ll,e '8 jvin £ rays 01 ,he Sun are ecli P sed ,or a brlef P er '0tl 

NU vUN ■ every hour. Though momentary, these periods of darkness threaten 
the feasibility of Solar Powered space vehicles. This is but one of the 
many challenges confronting Ken Nichols and his associates at Sundstrand Aviation-Oenver. 
Ken is Project Manager, guiding the development of a 15 KW (electrical) Solar Dynamic Space 
Power System under Air Force Contract. ■ Briefly, the system is comprised of a huge mirror 
which reflects solar energy into a boiler. Here, under intense heat, liquid metal is vaporized, 
thus powering an axial flow turbine which drives a generator floating on liquid metal bearings. 
Sundstrand had to devise a method for continuing the generation of power, when solar energy 
was blotted out by the Earth's shadow. In some Earth Orbits, night would last only a short 
period of time. Even so, energy must be stored during this brief period in order to sustain electri- 
cal power aboard the vehicle. Ken and his fellow workers believe they've solved the problem. 
They are testing a system which utilizes the phenomenon of the latent heat of fusion. Salts of 
some metals, when changing from liquid to solid state, release large amounts of thermal energy. 
This heat provides for continued accessory power where there is no sun. The Solar Mechanical 
Engine is but one of four important Space Power Systems for which Sundstrand has been given 
the responsibility of development. ■ Each day, engineers at Sundstrand are confronted by 
such vexing problems as the containment of highly corrosive liquid metals, finding adequate 
methods for operating in Zero G environment, and liquid metal journal bearing performance. 
■ Still, never let it be said that Sundstrand employees live with their heads in the clouds. They 
appreciate the permanent, ideal working conditions . . . Colorado's exceptional recreational 
opportunities ... the friendly, congenial Mile-high surroundings. And most of all, they are 
enthusiastic about the myriad challenges that confront them daily. Each has the satisfaction 
of knowing that he is taking an active part in the conquest of space. ■ If YOU are a qualified 
space age engineer or technician and would like to meet the challenges of tomorrow, act today! 
Apply in person or send a resume of qualifications to: 

SUNDSTRAND AVIATION • DENVER 
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she doesn't know it, but the "good neighbor policy" 
at da! las' love field helped her enjoy a 600 mph flight 


to Mexico City via 



BRANIFF 

INTERNATIONAL AIRWAYS 

. . . her 707 Super jet 
Magic Carpet flew smoothly 
and surely, 
powered by giant 
turbojet engines 
overhauled and tested 
by BranifFs long-time 
airport neighbor 


SOUTHWEST 

AIRMOTIVE COMPANY 

The Distribution Division 
of Southwest Airmotive 
also furnishes many 
tie, 
parts 
used in keeping 
BranifFs Superjet fleet 
in super-flight condition! 



SERVICE AND SUPPLIES FOR THE AIRLINE INDUSTRY AND FOR 
BUSINESS AVIATION • JET ENGINE OVERHAULS FOR THE MILITARY 

Southwest Airmotive Co. 

MAIN JET ENGINE PLANT: love Field, Dallas ■ JET ENGINE TEST FACILITY: Near 
Amon Carter Field ■ SUPPLY DISTRIBUTION HQ: Dallas, San Antonio, Houston. 
Oklahoma City, Tulsa, St. Louis, Kansas City, and Denver 
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(Continued from page 7) 

May 14-17— 21st Annual National Confer- 
ence, Society of Aeronautical Weight En- 
gineers, Ben|ainrn Franklin Hotel, Seattle. 

May 20-24— Annual Conference. American 
Assn, of Airport Executives, Ambassador 
Hotel, Los Angeles, Calif. 

May 20-26— Annual Meeting, Aviation/ 
Space Writers Assn.. Mark Hopkins Ho- 
tel. San Francisco, Calif. 

May 21-25— Eighth Aerospace Instrumenta- 
tion Symposium and National Telemeter- 
ing Conference, Sheraton Park Hotel, 
Washington. D. C. 

May 22-24— Conference on Self-Organizing 
Systems, Museum of Science and Indus- 
try, Chicago, 111. Sponsors: Office of 
Naval Research; Armour Research Foun- 

Mav 22-24— National Microwave Theory & 
Techniques Symposium, Institute of Ra- 
dio Engineers. Boulder, Colo. 

May 24-26— Seventh Region Conference on 
Space Communications. Institute of Radio 
Engineers, Seattle. Wash. 

May 30-June 2-1 4tlr Annual Wright Me- 
morial Glider Meet. For information: 
Soaring Society of Dayton. Inc.. Far Hills 
Branch, P. O. Box 5S1 . Dayton IQ, Ohio. 

June 6-7— Symposium on Standards for Fila- 
ment-Wound Reinforced Plastics, Naval 
Ordnance Laboratory, Silver Spring, Md. 

June 6-8— Eighth Annual Radar Symposium 
(classified secret). Institute of Science 
and Technology’s Radar Laboratory'. Uni- 
versity of Michigan, Ann Arbor. 

June 8-9—1 'th National Maintenance and 
Operations Meeting, Reading Aviation 
Service. Inc.. Reading, Pa, 

June 13-15— Annual Meeting, Heat Transfer 
and Fluid Mechanics Institute. University 
of Washington, Seattle, Wash. 

June 19-21— 39th Meeting, Aviation Dis- 
tributors and Manufacturers Assn., Am- 
bassador Hotel, Los Angeles. 

June 19-22— Summer Meeting, Institute of 
the Aerospace Sciences, Ambassador Ho- 
tel, Los Angeles, Calif. 

June 20-22— Annual Convention, Airline 
Ground Transportation Assn., Barclay 
Hotel, New York. N. Y. 

June 25-27— Sixth National Convention on 
Military Electronics, Institute of Radio 
Engineers, Shoreham Hotel, Washington. 

June 25-30— Symposium on Electromagnetic 
Theory & Antennas, Copenhagen, Den- 
mark. Sponsors: Technical University of 
Denmark; International Scientific Radio 

June 27-28— Ninth Annual Symposium on 
Computers and Data Processing by the 
University of Denver's Denver Research 
Institute. Elkhorn Lodge, Estes Park, 
Colo. 

June 27-29— Joint Automatic Control Con- 
ference, Institute of Radio Engineers, 
New York University, New York, N. Y. 

July 16-18— Lunar Missions Meeting, Ameri- 
can Rocket Society, Pick Carter and Stat- 
ler Hilton Hotels, Cleveland, Ohio. 

Aug. 10-11— Future of Manned Vehicles in 
Air and Space. Institute of the Aerospace 
Sciences, Olympic Hotel, Seattle, Wash. 

Aug. 21-24— Western Electronics Show and 
Conference, Institute of Radio Engineers, 
Los Angeles, Calif. 



PLEASE 

DON’T 

SWALLOW 

OE 

MOTOR 


...US HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer... but we first had to 
build an aspirin-sized motorto 
drive it.Thisassignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro- 
miniature elapsed time indi- 
cators and companion 
events counters. ■ This digi- 
tal elapsed time indicator has 
many outstanding features: 
size is only Vi" square x lVfs" 
long... weight .75 ounce... 



meets all mil specs... temp, 
range -54 to -(-125 0 C... vi- 
bration to 2000 cps at 20 G... 
choice of two ranges (hours 
to 9999, tenths to 999.9)... 
power input .5 watt, max. In 
fact, the complete data out- 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
■ Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro- 
mechanical devices call 
on our wizards in Waterbury. 
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RECORD TIES 



DART 

PROP-JET 
UP TO 

3,600 HOURS 


ROLLS-ROYCE 

hold world record overhaul lives 
(times between overhauls) 
for prop-jet, turbo jet and by-pass 
jet engines in airline service. 


AVON 


TURBO JET 
UP TO 


3,200 HOURS 


CONWAY 


BY-PASS JET 
UP TO 


2,200 HOURS 



ENGINES • MOTOR 



SPACE SUIT COOLING . . . GM-HARRISON STYLE! 


HARRISON FOCUSES BROAD-BASED EXPERIENCE ON 
TODAY’S CRITICAL TEMPERATURE CONTROL PROBLEMS! 

Nuclear . . . aero/space . . . marine . . . automotive . . . industrial! Harrison's engineering team brings to bear on 
your problem a wealth of temperature control knowledge and experience from all of these fields. That's another 
important reason why you can rely on Harrison to "engineer-in" performance characteristics that precisely 
match your application requirements . . . why Harrison heat exchangers provide maximum reliability and 
efficiency through the full operational range. For the finest in heat exchanger equipment . . . designed and 
built to General Motors traditional standards of quality and value . . . look to the leader, look to Harrison. 







AUGUST 27,1923 SAN DIEGO, CALIFORNIA 


Yesterday — Droning high over San Diego 
Bay, two Army Air Service DH-4M biplanes 
inched closer together. From the craft slightly 
above and ahead trailed a 40-foot hose, which 
a man standing in the wind-whipped rear 
cockpit of the lower plane managed to snag 
and tie down. 

It was the world’s first in-flight refueling. The 
fuel — Standard Red Crown Aviation Gasoline. 
During its more than 37 hours aloft, the sturdy 
"DH” took on 687 gallons of gasoline, 38 
gallons of oil. The engine never missed a beat. 


Today In-flight refueling is a routine 
way to extend the range of military aircraft. 
Now, as in 1923, Chevron Fuels and RPM 
Lubricants help engines run smoothly when 
the going is long and rough. 

Chevron Aviation Fuels for jet and piston 
engines keep fuel systems and combustion 
chambers clean, provide dependable power 
under all flight conditions. Whether it’s an 
intercontinental jet, business twin, helicopter 
or crop duster, your plane can deliver its 
best with Chevron. 


Chevron Airport 
Dealers take better 
care of your plane 
— al^over 300 o/ 

airports. 


STANDARD OIL COMPANY OF CALIFORNIA 



Faster, surer single sideband communications 
at vital Atlas, Titan, Minuteman missile sites 

nearby communications equipment to an absolute min- 
imum ■ Self-contained noise blanker eliminates inter- 
ference from pulse type noise without the need for a 
separate noise sensing antenna ■ Functional modular 
construction offers the maximum in ease of maintenance 
■ And in addition to all of these operating advantages, 
General Dynamics/ Electronics single sideband equip- 
ment is extremely compact, ideal for a wide range of 
portable and stationary communications applications. 

For SC-900 brochure, write: 

General Dynamics/Electronics, 1400 N. Goodman St., 
Rochester 1, New York 

GIIIIIIIID 

GENERAL DYNAMICS | ELECTRONICS — ROCHESTER 


The United States Air Force is now taking delivery of 
SC-900 Series fully automatic 1KW single sideband 
transceivers developed and manufactured by General 
Dynamics/ Electronics. This equipment will be installed 
at ATLAS, TITAN and MINUTEMAN missile sites 
and represents, in the truest sense, a real step ahead 
in the state of the art of communications. All tuning 
of the new General Dynamics/ Electronics single side- 
band equipment is digital ■ The use of broadband 
techniques rather than a servo system results in faster 
tuning, simplicity and increased reliahility ■ Emphasis 
on linearity, wide dynamic range and selectivity in the 
receiver RF circuits reduces interference from any 





From Mallory imagination in m eta is... 


new ideas in materials for microwave tubes 


High-power klystrons, magnetrons and other big 1 
electronic tubes present unusual problems in the 
choice of materials of construction. So unusual, in 
fact, that materials often have to be used in com- 
binations: copper for thermal conductivity, tung- 
sten for mechanical strength, for instance. 

By means of powder metallurgy ... a science in 
which we’ve specialized for over three decades . . . 
we can provide unusual combinations of physical 
properties in a single structural element. And the < 
combinations can often be tailored to produce , 
exactly what’s needed inside an electronic tube . 
better than copper, tungsten or nickel by itself. 
Our Elkonite® materials, which are tungsten, 
tungsten carbide or molybdenum infiltrated with 
copper or silver, give you an unusual combination , 
of high -temperature mechanical strength and 


thermal conductivity. Cooling fins on a heat sink 
made of these materials won't sag or deform at 
elevated temperatures. Similarly, internal support 
elements have better dimensional stability when 
heated. We have some 50 different Elkonite mate- 
rials . . . maybe one of them is just what you need. 
As a further idea, we can use powder metallurgy 
techniques to join iron and copper in a single 
structure that has both electrical and mag- 
netic properties. 

Whenever you’re looking for unusual solutions to 
space-age metals problems, think of Mallory. 
We’re backed by years of specialized experience, 
i and imagination. Write or call us for a consulta- 
tion. Mallory Metallurgical Company, P. 0. Box 
1582, Indianapolis 6, Indiana — a division of 
i P. R. Mallory & Co. Inc. 



Refractory metals • high density materials • special alloys 


MallorY 


How Solar’s experience 
with refractory components 
creates space-age structures 


Current weapon systems require structural 
components that can withstand extreme tem- 
peratures. With solid fuel rocket engines operat- 
ing at over 6000F and re-entry vehicle compo- 
nents experiencing equilibrium temperatures of 
2000 to 5000F, materials systems are being 
taxed to their limits. Significant advances in 
high tempera- 
ture structural 
technology are 
required to 
meet these 
demands. 

Solar has 
called on 35 
years of expe- 
rience in high 
temperature 
materials and 
structures to 
meet these 
problems. This experience has created an inte- 
grated, dynamic organization with materials 
research and development, structural analysis, 
prototype and production manufacturing 
capabilities. 

Solar’s work in rocket nozzle technology 
includes development of tungsten forming and 
joining techniques. Shear forming and hot die 
forming techniques are available for producing 
the complex shapes required for nozzle compo- 
nents. Joining tungsten by solid state bonding 
and reactive brazing has been accomplished, 
resulting in unrecrystallized joints with usable 
strength in excess of 4000F A current program 
at Solar is aimed at design and fabrication of 
cooled nozzles for extreme temperature opera- 
tion. Other research projects include compati- 
bility of liquid metals and exhaust gas products 
with refractory metals, and a unique method 
of thrust vector control. 


Re-entry vehicles require refractory compo- 
nents over a major portion of their outer sur- 
faces. Solar is working on a contract to develop, 
fabricate, and test frontal sections for a super- 
orbital glide re-entry vehicle. Temperatures in 
excess of 5000F will be experienced during 
re-entry for this component, representative of 
the next generation of glide re-entry vehicles. 

Solar’s current capabilities in fabrication 
activities supply a broad base of supporting 
technology for refractory component assembly. 

Plasma spraying techniques are available for 
the deposition of any of the refractory metals, 
as well as the ceramic materials which are dif- 
ficult to fabricate by any other process. Recent 
projects at Solar have included the fabrication 
of parts from tungsten, 90Ta-10W, columbium, 
and molybdenum alloys. 





For further information about Solar’s 
refractory component experience in materials 
research, design, fabrication, and testing, write 
Dept. J-217, Solar, San Diego 12, California. 
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How many of his dreams do you share? 


n at. His insights shape tt 


This man gets paid for dreaming. He seeks out new questions to ask, new goals tc 
course of tomorrow's technology. 

Do you, too, look beyond tomorrow? Then come to Northrop. Work in such uncluttered areas as space guidance and 
astro-inertial navigation systems, aerospace deceleration and landing systems, man-machine and life-support systems 
for space, laminar flow control techniques, automatic test equipment or world-wide communications systems. Or come 
and set your own goals where the challenge is greatest. You'll find more than 70 advanced projects already on the 
boards, and all the creative freedom you could ask for. 

For further information, write to Dr. Alexander Weir, Northrop Corpora- 
tion. P.O. Box 1525, Beverly Hills, California. You will receive a prompt reply. 1 


NORTHROP 



... ^ . . . . Components for 

missiles and rockets . . . Engineering & design . . . Research 
& development . . . Space technology . . . Cargo for the 
world's markets. 

From Cape Canaveral to Eternity, Florida is the space 
age state. Find out why, and we’ll see you at the crossroads 
of the skies . . . Florida ... the best place on earth for 
your new facilities! 


Florida. 

A lO BILLION DOLLAR 

Ask about free film "Profile of Progress." 
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CAPABILITY 

is spelled 

r-e-l-i-a-b-i-l-i-t-y 
in servo systems 
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Compatible with most navigation systems in use today, BANDS provides a pictorial display which contin- 
uously shows the pilot where he is and how his flight plan is progressing. The Display holds a 12 foot roll 
of the desired route which is simply cut from an existing aeronautical map. A moving stylus indicates the 
exact position of the aircraft in flight. Thus the pilot is able to see — with visual assurance — how his flight 
is progressing and allows him to accurately fly to his objective. 

The entire system weighs 10 lbs. and requires only .25 amps at 115v 400 cycle. Complete information is 
available from Bendix-Pacific Division, North Hollywood, California. 

Bendix-Pacific Division 



Military Navigation ■ Hydraulics/Pneumatics ■ Airborne Radar ■ Data Handling ■ USW ■ Guidance • Telemetry ■ Electro-Mechanics 


E D I TO RIAL 


Air Transport's Grass Roots 


With radio, television and daily newspapers concen- 
trating public interest on manned orbital space flights 
and the program to transport explorers to the moon, it 
is understandable that few people are focusing their 
attention at the other end of the air transport spectrum 
where it reaches the grass roots of millions of Americans 
and the smaller communities in which they live. Neither 
the aircraft manufacturers nor the local service airlines 
have been devoting sufficient effort to this grass roots 
area. Thus it is interesting to observe the campaign of 
Sen. A. S. “Mike” Monroney (D.-Okla.) to stimulate 
some effective action in this badly neglected area of air 
transport. While his senatorial colleague from Okla- 
homa, Sen. Robert Kerr (D.-Okla.) is orbiting as chair- 
man of the Senate space committee, Mike Monroney 
is trying to do something about building a more effective 
foundation for the entire U. S. air transport structure at 
its most fundamental levels. 

With the advent of jet transports, basic changes in 
the domestic air route structure of this country became 
inevitable. We are now seeing the pattern of this new 
structure emerge in increasing emphasis by the trunk 
carriers on high frequency jet operations between major 
population centers, and a gradual withdrawal from the 
smaller cities where jet service is either technically or 
economically marginal. The local service carriers, created 
and subsidized to serve the grass roots, are now being 
sucked into this regional vacuum created by the trunk- 
lines’ withdrawal. They are shifting to this more attrac- 
tive market of larger population centers with larger 
transports to serve a market beyond their original pur- 
pose. We think this is a healthy trend and an inevitable 
impact of the shifting technology in air transport. But 
it also poses a serious problem as to what will happen 
to the grass roots communities that the local service 
carriers were originally chartered to serve. 

Carriers' Peril 

Sen. Monroney chose to abandon the traditional role 
of a legislator pleading for his geographical constituents 
in a recent appearance before the Civil Aeronautics 
Board to focus attention on this national problem that 
the shifting tides of technolog)' have created, and to 
plead for some effective action by the CAB, local service 
carriers and aircraft manufacturers to solve it. The 
present trends mean that hundreds of small American 
cities now enjoying air service will eventually drop from 
the air transport map of this country. Sen. Monroney 
notes that this is neither progress nor the will of the 
Congress, which has been willing to subsidize local 
service carriers in this area at an annual rate of about 
$82 million. 

And he warns the local service carriers that there 
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will be serious consequences if they allow their service 
to these smaller communities to wither and die. Con- 
gress, which holds the local service carriers subsidy purse 
strings, will certainly react sharply as substantial portions 
of their constituents find themselves without adequate 
air transport. It behooves the local service carriers to 
heed Sen. Monroney’s warning to tackle the problem 
now before they are engulfed by twin tides of congres- 
sional ire and expansion of air taxi operators into a 
“third class” of certificated carrier to service these neg- 
lected points. 

Sen. Monroney's premise that new types of equipment 
will be required to effectively serve the grass roots is 
certainly correct and the local service carriers must get 
effective help from aircraft manufacturers if they are 
to solve this problem. Here, too, we think U. S. manu- 
facturers have been neglecting some key areas of the 
transport market and are on the verge of losing them to 
competition from Britain and France. The impact on the 
U.S. short-haul transport market of the Sud Caravelle 
and the British Aircraft Corp. BAC 111 is certainly 
a significant straw in this wind even though they do 
not supply the type of equipment required for small 
community service. 

Widely Sought Aircraft 

Local service carriers have never found an adequate 
DC-3 replacement and consequently have been drawn 
to larger, more expensive gas turbine powered equip- 
ment, along with their attraction to the population 
centers abandoned by the trunklines. What is really re- 
quired now is not a DC-3 replacement, but an aircraft 
that will bring to today’s economic and operational en- 
vironment the same relative qualities the DC- 3 brought 
to its era. Many manufacturers have sought this goal 
and it is obvious that nobody has yet succeeded. How- 
ever it would still appear to be a goal worth achieving, 
for a large portion of the world’s air transport system 
still requires a transport of this type. In addition to the 
U.S. domestic market, a new transport that met these 
requirements might also spearhead a U.S. program to 
bring economical air transport to the many undeveloped 
areas of the world as a more sound investment than many 
of the projects in which foreign aid is now being wasted. 

It is truly ironic that in all of the emphasis on space 
exploration and supersonic jet transport this nation, 
the birthplace of the airplane, appears to be neglecting 
a tremendous opportunity to make it an even more 
useful tool for a majority of its own population as well 
as for nations still struggling to find a firm economic 
and social footing in these changing times. 

—Robert Hotz 
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Success of a military mission is measured in terms of accomplishment. For manned and 
unmanned aircraft, a major parameter of accomplishment is survivability (’"ability to fly 
to, and return from, the target). 

Survivability is currently being studied at very low altitudes. Texas Instruments Incorporated, 
working with the U.S. Army Signal Corps, the Air Force, and prime aerospace contractors, 
conceived and developed a completely automatic low-altitude navigation system. This system 
is light, simple, and relatively inexpensive. It flies the aircraft accurately over an extremely 
low-altitude terrain profile . . . automatically! 

For complete technical information, write 
Apparatus Division, Texas Instruments 
Incorporated, P. 0. Box 6015, Dallas 22, 

Texas. Qualified “NEED TO KNOW” respon- 
dents only, please. 


Thousands of miles of completely automatic 
terrain following flight are being logged each month. 


APPARATUS DIVISION 


AND HOUSTON. T 


Texas Instruments 

INCORPORATED 


WHO'S WHERE 


In the Front Office 

Walter F. Burke, a director of McDon- 
nell Aircraft Corp.. St. Louis, Mo, Mr. 
Burke is vice president and general manager 
of McDonnell’s Mercury and Gemini proj- 

Dr. Adolph L. Antonio, vice president 
and general manager. Space-General Coip., 
Glendale. Calif., a subsidiary of Aerojet- 
General Corp. Dr. Antonio continues as a 
staff vice president of Aerojet-General. 

R. L. Johnson, a director of Astropowcr, 
Inc- Costa Mesa. Calif. Mr. Johnson is 
vice president and director of product de- 
velopment for Douglas Aircraft Co.’s Mis- 
sile and Space Systems Division, 

Ervin J. Ostcrlins, president. Designers 
for Industry, Inc.. Cleveland, Ohio, succeed- 
ing Charles H. Standish. now board chair- 

Lowcll P. Mickclsvait, vice president- 
industrial and public relations. 'Hie Boeing 
Co.. Seattle. Wash- effective June 1. Re- 

G rtiug to Mr. Mickelwait will be: A. F. 

gan, vice presidcnt-lalior relations; Fred 
llulcen, director of personnel; Carl M. 
Cleveland, director of public relations and 
advertising. 

Duncan B. Gardiner, vice president-engi- 
neering, Vickers. Inc- Detroit, Mich., a 
division of Sperry Rand Corp. 

Ray B. Cox, vice president and marketing 
director, Military Products Division. Hoff- 
man Electronics Corp,. Los Angeles. Calif. 

Norman P. Hays, a corporate vice presi- 
dent, North American Aviation. Inc., in 
charge of all company activities in the Wash- 
ington (D.C.) area, and the llnnlsvillc 
(Ala.) and Bedford (Mass.) offices. 

Joseph Kelley. Jr- vice president for cor- 
porate development. Telecomputing Corp- 
with headquarters in Washington, D.C. 

Harry L. Brown, vice president-engineer- 
ing, Guidance Technology. Inc., Santa Mon- 
ica. Calif. 

Joseph Mashmnn. assistant vice president, 
Bell Helicopter Co.. Fort Worth. Tex- a 
division of Bell Aerospace Corp., a Textron 
Co. 

Changes 

John F. Frawlcy, general manager. Gen- 
eral Electric Co.’s Aircraft Accessory Tur- 
bine Department, Lynn, Mass- succeeding 
Walter C. O’Connell, now manager of 
the company’s Direct Energy Conversion 

E. E. Gustafson, sales manager, Sikorsky 
Aircraft Division of United Aircraft Corp., 
Stratford, Conn. 

Carl Richardson, chief engineer, Baird- 
Atomic, Inc- Cambridge. Mass. 

Carr Wilson, senior staff engineer, Cian- 
nini Controls Corp- Duarte, Calif. 

Carl D. Ward, corporate manager of 
electronics, Ling-Tcmco-Vought, Inc.. Dal- 
las, Tex. 

John A. O'Hara, Jr- director of adminis- 
tration. Vertol Division of 'Hie Boeing Co- 
Morton, Pa. 

P. B. Laiglit, chief engineer, Advanced 
Projects Group, Hawker Siddclcy Aviation, 
Great Britain, succeeding J. C. Floyd, re- 
signed. 


INDUSTRY OBSERVER 

► Lockheed Missile & Space Co. is continuing its funded studies of a 
general-purpose. SOO-mi.-range ballistic missile known as Venus A. Designed 
for Naw application, the study was begun before USAF received authori- 
zation to proceed with development of mobile medium-range ballistic mis- 
sile (MMRBM). Venus A would have capability of being launched from 
torpedo tubes so existing submarine torpedo tubes need not be altered. It 
would probably use a radar seeker for terminal guidance. 

► USAF penetration aids program directors are expected to select a con- 
tractor by the end of this month to furnish approximately 95 multi-stage, 
solid-propellant sounding rockets and re-entry test vehicle boosters. First 
vehicles are to be delivered this summer; tests will continue through the 
planned program life of two vears. Payloads will approximate -15 lb. per 
vehicle; some of the tests will use rocket thrust on the downward leg of 
the trajectories to simulate re-entry speeds. Launchings will be made at 
White Sands Missile Range, N. M. 

► Project Orchid, a nuclear explosion test to determine nonlinearities in 
effects as nuclear weapons approach minimum sizes, is scheduled to be 
conducted this summer jointly by USAF and the Defense Atomic Support 
Agcncv. Test will be called a ground burst, but the low-kiloton yield blast 
will be detonated at about 200-ft. altitude in a desert area. 

► Dyna-Soar boost-glide vehicle will require additional stmeture to with- 
stand substantially higher acceleration forces imposed by the Titan 5 launch 
vehicle (AW Jan. 8, p. 27). Boeing program continues at relatively slow 
pace because of reduced funding, and program officials are pessimistic about 
the future of the project. 

► U. S. Navy will equip its version of the TFX fighter, now under advanced 
study at Boeing Co. and General Dvnamics/Ft. Worth, with a M-in.-dia. 
air-to-air missile now designated XAAM-N-11. Missile is expected to be 
a development of the Bendix AAM-N-IO Eagle, originally planned for the 
now-canceled Douglas Missileer aircraft. Cornell Aeronautical Laboratory 
has received a SI 89,595 contract from BuWcps to define the characteristics 
of a long-range air-to-air missile for the Navy TFX. 

► Leading contenders for USAF’s Space Detection and Tracking System 
(SPADATS) contract (AW Feb. 5, p. 28) are Bendix, Sperry Rand and 
Hughes on the basis of their demonstrated competence in phased array 
systems. 

► Ilawker P.1127 second-prototype VTOL aircraft has made a number of 
vertical and short takeoffs from an unprepared grass field, with no breakup 
of field surface or adverse effects on either the airframe or its single Bristol- 
Siddeloy BS.55 deflected-thrust engine. Aircraft has total flying time 
approaching 30 hr. and has reached Mach 1.05 at 40,000 ft. 

► Second source for launch control system for Minutcman ICBM Wings 
3 and 4, to be located at Minot AFB, N. D., and Whiteman AFB, Mo., 
respectively, may be sought by Boeing Co. in industry competition to begin 
this month. Radio Corp. of America now has prime subcontract from Boe- 
ing for the system, which includes some proprietary RCA equipment; this 
may cause some difficulties in establishing second-source production. 

► Rolls-Royce is offering a scaled-down Spey turbojet engine, designated 
RB.1S0/2, as powcrplant for the proposed Fokkcr F-209 VTOL version of 
the F-27 twin-turboprop transport. RB.180/2 is designed for 6,715 lb. thrust 
rating. F-209 design gross weight is currently 44,200 lb. 

► U. S. Coast Guard, now negotiating to buy six Sikorsky S-62 helicopters, 
is asking Congress for SI 2.8 million during Fiscal 1963 to buy a total of 16 
of the single-turbine-powcrcd aircraft (AW Feb. 12, p. 37). Eight of the 
new order would be replacement helicopters and the other eight an addition 
to authorized strength. Request is now pending in Congress. 
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Sometime this year, CENTAUR will be spaceborne. Already, the projected uses of CENTAUR bear 
fascinating implications for the future . . . placing a satellite in an orbit so exacting that it will remain 
in one spot over the earth’s surface ... soft landings on lunar and planetary bodies ... timed launchings 
of several satellites from a single vehicle. Several major guidance functions will be performed in 
CENTAUR by a compact digital computer system from Librascope. It weighs 62 pounds, occupies 
little more than % cubic foot. A note to Librascope outlining your control problems will bring a prompt 
answer from the country’s most versatile manufacturer of computer control systems. 


LIBRASCOPE DIVISION 
GLENDALE 1. CALIFORNIA 
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NASA Plant Policy 


Big Florida Booster 


Ownership of Comsat 


McNamara’s Admirer 


Washington Roundup 

Watch for National Aeronautics and Space Administration to insist that all large 
space vehicle stages be built in government-owned facilities. NASA will have to furnish 
the specialized tooling needed and it docs not plan to put this into contractor-owned 
facilities because it wants to retain the prerogative of changing contractors any time it 
isn't satisfied with performance. These plants will need high bay areas of the type that 
Defense Department has encouraged the aerospace industry to abandon in recent years 
as aircraft production declined. Defense also has had a policy of encouraging firms 
to build their own plants or to buv them from the government. Now NASA will reverse 
the trend. 

NASA is now surveying sites— including Eglin AFB near Pensacola. Fla., and 
McDill AFB near Tam|ja, Fla.-for location of vehicle and stage assembly plants. Even 
the Saturn S-2 stage, for which NASA contracted with North American almost six 
months ago. will be assembled somewhere along the Gulf Coast waterways system, 
which is becoming known as "the NASA crescent.” 

President Kennedy continued the Administration's policy of getting the maximum 
political effect from the expansion of the space program by telling a Democratic fund- 
raising dinner at Miami Beach that a five-fold growth in employment at Cape Canaveral 
in the next sear is "only the beginning" of changes that “can make Florida one of the 
most vigorous and vital areas of the U.S." The President recalled Jules Verne's 100- 
vcar-old prediction that "there would be a competition between Florida and Texas as to 
which state would be the source of vitality in the space age.” and made his own prophecy 
-that Florida will have "the greatest period of development of anv state in the U. S." in 
the next 10 years. 

Land and labor costs in the area around NASA's Manned Spacecraft Center near 
Houston. Tex., have increased so much since the decision to locate it there that the 
House space committee may recommend a stretchout in funds for the facility. Such a 
recommendation would undoubtedly be opposed by the next man to receive the 
NASA budget requests— chairman Albert Thomas of the House appropriations sub- 
committee which must appropriate NASA's funds. Chairman Thomas represents 
Houston. 

Attorney' General Robert F. Kennedy’s defense of the President's communications 
satellite ownership plan before the House commerce committee, scheduled for this 
week, represents the last hope for a public corporation to own and operate the network. 
Capitol Hill sentiment strongly favors ownership by a corporation of communications 
common carriers. The Senate space committee, headed by Sen. Robert Kerr, is 
expected to recommend ownership by the carriers this week, and the House committee 
is overwhelmingly for this approach. 

Defense Secretary McNamara's confusion over the Air Force designation (F-110) 
of its version of the Navy F4H in recent testimony before Congress has led to an 
order for standardized nomenclature. The VAX close support aircraft probably will 
become the A-1A, the TFX bi-service tactical fighter the T-1A, and the RS-70-if 
it is built-may be the B-1A or RS-1A. Since the F4H is already listed in thousands 
of documents, USAF may have to adopt this designation. 

A report critical of weapon system procurement has been drawn by a subcom- 
mittee of the White House Committee on Small Business, under the chairmanship 
of Lee Loevingcr, assistant attorney genera! for anti-trust matters. Tt will be presented 
to the full committee, headed bv Small Business Administrator John F.. Horne, on 
Mar. 19. 

NASA will soon review its procurement policies both from the inside and by 
means of a panel of outsiders to be named by Administrator James E. Webb. General 
Accounting Office also is considering investigating NASA's award of some contracts 
without competitive bidding. 

Chairman Carl Vinson of the House Anned Services Committee is taking pains 
to make it clear that his insistence that Defense Department spend S491 million for 
development of the RS-70 (see p. 28) is not a personal feud with Defense Secretary 
Robert McNamara. Rep. Vinson issued a statement in which lie said. “I've said before 
and I say again right now that Mr. McNamara is the greatest Secretary of Defense 
that has ever occupied that position. I'll go fnrther-if the country' lost Mr. McNamara 
as Secretary of Defense, it would be an incalculable loss because the gentleman is 
virtually unique, and that is not a thing I say about many people.” 

U. S. involvement in the civil war of South Vietnam is accelerating with the occasional 
use of American pilots on actual combat missions. Defense Secretary Robert McNamara 
said last week that, on occasion, the pilots have been fired upon and have returned in 
kind "for their own protection." Missions are flown as the pilots train Vietnamese crews 
in the use of "certain two-place and multi-place aircraft.” —Washington Staff 
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Nuclear Blast Effects Pose New Threat 


Electromagnetic phenomena could incapacitate many 
detection and control systems for major weapons. 

Washington— Soviet Union's discovery of electromagnetic effects from 
nuclear explosions that could incapacitate command and control networks 
and weapon systems themselves was a major factor in President John F. 
Kennedy’s decision to resume tests of U. S. nuclear weapons. 

This knowledge lies behind the Administration’s stubborn resistance to 
developing the USAF-North American B-70 aircraft into the RS-70 strike- 
reconnaissance weapon system and has reinforced its refusal to produce long 
lead-time items for the Army's Nike Zeus anti-missile missile. 


Pressures from the military services 
for proof-testing of nuclear weapons 
that already arc operational or in de- 
velopment were suddenly overshadowed 
when analyses of 40-odd recent Russian 
nuclear tests became available in De- 
cember, tipping the scales heavily in 
favor of resuming U. S. tests. 

In announcing plans to resume test- 
ing, President Kennedy said, "We are 
spending great sums of money on radar 
to alert our defenses and to develop 
possible anti-missile systems-on the 
communications which enable our com- 
mand and control centers to direct a 
response— on hardening our missile sites, 
shielding our missiles and their war- 
heads from defensive action, and pro- 
viding them with electronic guidance 
systems to find their targets. 

“But we cannot be certain how much 
of this preparation will turn out to be 
useless— blacked out, paralyzed or de- 
stroyed by the complex effects of a 
nuclear explosion." 

President Kennedy said a primary 
purpose of the Russian tests “was the 
development of warheads which weigh 
very little compared to the destructive 
efficiency of their thermonuclear yield. 
One Soviet test weapon exploded with 
the force of 58 megatons-thc equiva- 
lent of 58 million tons of TNT. 

"This was a reduced yield version of 
their much publicized hundred mega- 
ton bomb. Today, Soviet missiles do 
not appear able to carry so heavy a war- 
head. But there is no avoiding the fact 
that other Soviet tests, in the 1-5 mega- 
ton range and up, were aimed at un- 
leashing increased destructive power in 
warheads actually capable of delivery 
by existing missiles. 

"Much has also been said about 
Soviet claims for an anti-missile missile. 
Some of the Soviet tests which meas- 
ured the effects of high altitude nuclear 
explosions— in one case over 100 mi. 
high— were related to this problem. 
While apparently seeking information 
[on the effects of nuclear blasts on 
radar and communication] which is im- 
portant in developing an anti-missile 
missile defense system, these tests did 


not, in our judgment, reflect a devcl- 

In addition to proof tests of existing 
U. S. weapons, the President said, the 
following types of tests will be made: 
tests to detennine what effect an en- 
emy's nuclear explosions would have on 
the ability of the U.S. to survive and 
respond; tests to permit the develop- 
ment of more efficient and effective 
weapons made necessary by advances 
made by the Soviets. 

Air Force, Navy and Army already 
have made arrangements to test sub- 
surface-to-surface, surface-to-subsurface, 
surface-to-air, air-to-air and air-to-surface 
rocket weapons and a variety of bombs 
and mines. The Atomic Energy Com- 
mission will test devices embodying ad- 
vanced concepts that have not been 
tested before. 

None of the nuclear warheads now 
on the larger missiles such as the Air 
Force Atlas. Titan 1 and Mimiteman 
and Navy's submarine-launched Polaris 
have ever been fired on an actual flight 
under operational conditions. All are 


Anti-Missile Dilemma 

Washington— It "appears to ns that no 

the intercontinental ballistic missile." 
Defense Secretary Robert S. McNamara 
said in a television interview with Sen. 
Kenneth B. Keating (R.-N. Y.) last week. 

“We will be spending in Fiscal Year 
1965 over $500 million on the develop- 
ment of such technology, but we can 

fully developing that capability." McNa- 
mara said. 

Asked if the U. S. had solved the prob- 
lem in theory, he said: "We have not. 
As advanced as the Nike Zeus system is 

-it has serious weaknesses. So serious 
that we cannot recommend that it be 
placed in production at this rime, and we 
know of no better solution to the prob- 


scheduled to be tested in the upcoming 

Small tactical nuclear weapons, many 
of which already are in operational use, 
have yet to be detonated under opera- 
tional conditions. 

So vast is the testing program, sched- 
uled to begin next month in the Pacific 
south of the Christmas Island— King- 
man Reef— Johnston Island area, that 
Joint Task Force Eight has been formed 
to plan, support and earn- it out. The 
task force, headed by Army Maj. Gen. 
Alfred D. Starbird. is the largest ever 
formed for nuclear testing. 

Of 11,800 persons assigned to the 
task force, 2,800 are civilians; 1,000 arc 
technical specialists and 1.800 are con- 
tractor support personnel. There arc 
1.700 Air Force personnel, 6,600 from 
Navy. 600 from the Army and 100 from 
the Marine Corps. 

Task units under the task force com- 
mander will be formed by the Los 
Alamos Scientific Laboratory, Lawrence 
Radiation Laboratory. Defense Atomic 
Support Agency, Sandia Corp,. Ballistic 
Systems Division of the Air Force Sys- 
tems Command: Edgerton. Cermcs- 
hausen & Grier. Inc.; Navy, Air Force, 
AEC support, Johnston Island Base 
Command and Christinas Island Base 
Command. 

Nuclear explosions produce electro- 
magnetic radiation over the entire spec- 
trum, from extremely long radio waves 
of immense intensity through the visible 
light range and into the ultraviolet re- 
gion. From the earliest tests conducted 
by the AEC in New Mexico and Ne- 
vada. phenomena related to these radia- 
tions were observed. No great effort 
was spent on analyzing the effects of 
these electromagnetic radiations. 

Electromagnetic radiation from high 
altitude nuclear explosions in the Hard- 
tack test series in the Pacific in 1958, 
just before the U. S. began its thrcc-vcar 
voluntary moratorium on tests, pro- 
duced auroral effects and blacked out 
some radio frequencies. Project Argus 
test explosions of between one and two 
kilotons in August and September of 
195S produced further evidence that 
nuclear explosions could effect elec- 
tronic devices and brought predictions 
by some scientists that megaton explo- 
sions might seriously disrupt communi- 
cations and electronic functions of 
weapons (AW May 11, 1959. p. 63). 

Now, it has been discovered by both 
U.S. and Russia that these effects 
could destroy a great variety of elec- 
trical and electronic components in 
ground installations, in aircraft and in 
missile guidance systems, thereby ren- 
dering them incapable of carrying out 
their tasks. 
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Laboratory-in-Space Study Awarded 

istration by North American Aviation's Space and Information Systems Division 
under a $95,000 contract. The analysis is based on these preliminary specifications: 

• Tlic space laboratory' would be supported by an Apollo spacecraft, which would 

plies and personnel, later transfer relief crew members and supplies. 

• Laboratory would function as a scientific observatory', provide a space proving 
facility for personnel, operation techniques and equipment. 

with an octagonal rim. which would lie sectioned into living quarters, laboratories. 

ing platform where 7.cro-g experiments would be performed. The rim of tlic wheel 
would rotate about the hub and experience an artificial gravity of 0.2 to 0.4 earth g’s. 

• Spin axis of the wheel would be oriented to point toward the sun, with attitude 
control fed in daily to maintain this orientation. 

• Shirt-sleeve environment would lie maintained for the crew in all areas of the 
laboratory. This would also permit transfer of crews from the Apollo spacecraft to 
the laboratory without encountering hostile space environment. 

• Laboratory's floating hub platform and each specific section in the rim would 
carry solar cell arrays for maximum intake of solar energy during exposure to illumina- 
tion by the son. Solar cell arrangement would operate in conjunction with a con- 
ventional battery installation to obtain power when laboratory is in earth’s shadow. 


The electromagnetic radiations have 
been used in the past principally to 
analyze the size and type of nuclear ex- 
plosions and to detect Russian shots. 

By extrapolating the effects of weap- 
ons in the kiloton yield range, AEC 
scientists have determined that mega- 
ton-yield weapons could be used for a 
variety of offensive and defensive mis- 
sions, taking advantage of effects other 
than blast, heat and particle radiation. 

In general, the “cleaner” an atomic 
explosive device is, the greater the yield 
is in these electromagnetic ranges. In 
the larger weapons, “cleanness" means 
fusion and fission of a greater amount 
of the material constituting the device 
into particle radiation rather than into 
fission products. 

This is accomplished by using a 
minimum amount of plutonium in the 
basic trigger to cause tritium to fuse, 
releasing neutrons which in turn cause 
more perfect fission in uranium. Thus 
the effects of neutrons are used in ad- 
dition to heat and pressure. 

AEC has perfected design of such 
a device in the laboratory but has not 
tested one. It is planned to test the 
device in the new series. 

New Designs 

In the proof-firing of operational 
weapons and those under development, 
new designs of radically reduced weight 
but high yield will be tried. For in- 
stance, a yield of 100 kilotons for 100 
lb. of weight is now theoretically pos- 
sible, and such devices probably nave 
been made. They must actually be fired 
before they can reliably be deployed as 
weapons. 

For Minuteman and Polaris war- 
heads, better yields per pound of weight 
are planned. These also will be tested. 
These plans arc for the current state- 
of-the-art. Radical improvements are 
expected in the future— perhaps as much 
as 10-to-l yicld-to-wcight ratio. 

At the iower end of the scale, it is 
now possible to create a yield as low as 
10 tons. This would be used in an air- 
to-air weapon such as the GAR-1 1 Fal- 
con, which would produce electromag- 
netic effects that would make it dis- 
abling to an aircraft at a much greater 
distance than its fire ball. Small weap- 
ons are made of plutonium and produce 
“dirty" results with relatively high 
amounts of radioactive material. 

As part of the Pacific tests the Air 
Force has planned a scries of nuclear 
probe firings called Project Piggyback. 
Multiple payloads of intercontinental 
ballistic missile avionic equipment 
launched from missiles will be exposed 
to nuclear explosions to evaluate the 
effects on their operational capabilities 
and survivability. 

These will include Atlas and Minute- 
man subsystems and components. 
Titan nose cones and systems are simi- 


lar to Atlas and can be evaluated in the 
same test. Minuteman results can be 
applied to Polaris. 

The avionic equipment will be 
boosted through or near nuclear ex- 
plosion blankets in Atlas and Minute- 
man nose cones. They probably will 
be launched by vehicles other than 
the Atlas and Minuteman, because 
there is no requirement in the effects 
tests for full-range flight. Some pay- 
loads will be recoverable so effects can 
be studied in the laboratory. Data from 



other payloads will be relayed by tele- 
metry. By using telemetry, the effects 
on communications also can be studied. 

For economic utilization of boost- 
ers and almost simultaneous place- 
ment of nose cones in the test area, 
at least two payloads will be fired dur- 
ing each Piggyback exercise. The pay- 
loads would be placed in tandem, with 
a fairing covering the lower payload 
and being released after the first is 
ejected. 

In some tests, payloads will be re- 
leased at different altitudes with re- 
spect to the T-Zonc, which is the zone 
of nuclear radiation at the time of 
detonation. In other tests, payloads will 
be released at various lateral distances 
from the T-Zone. Effects on payloads 
in relation to time lapse after nuclear 
blast also will be evaluated. 

The Army has also made a bid to 
test its Nike Zeus anti-missile missile 
during Project Piggyback by firing it 
from a deployment site on Kwajalein 
Island, to determine effectiveness of 
its warhead in a nuclear blast or at 
successive distances from blast center. 
If the Nike Zeus is not used, its 
avionic equipment might be carried in 
other vehicles to determine nuclear 
effect on intercept capability. An ag- 
gressor might detonate a nuclear re- 
entry vehicle at about the point in 
space where a Nike Zeus might in- 
tercept, in order to destroy anti-missile 
capability in this area, and then follow 
through in this same area with a 
barrage of warheads. 

Extensive tests involving exposure of 
aircraft to nuclear explosions in the 
near vicinity and to ground installations 
also will be made. 
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Vinson Refuses to Drop Fight for B-70 


By Katherine Johnscn 

Washington— Administration efforts 
to convince the House Armed Services 
Committee that it should abandon its 
fight for $491 million to launch reor- 
ientation of the USAF-North American 
B-70 program toward development of 
a reconnaissance-strike aircraft failed 

A showdown on this issue-as well 
as the question of the role of Congress 
in determining the defense program- 
appeared inevitable when the House 
takes up legislation authorizing over 
$13 billion for Fiscal 1963 military 
aircraft, missile, and ship procurement 
on the House floor Mar. 21. 

The armed services group, headed by 
Rep. Carl Vinson (D.-Ga.), who is also 
dean of the House, added more than 
$587 million for aircraft and missiles 
to the Administration’s requests, includ- 
ing the $491 million to start construc- 
tion on three RS-70s. In its legislation, 
the committee by unanimous vote 
"directed" the Air Force to utilize the 
funds. In a report accompanying the 
legislation, the committee said the 
Secretary of the Air Force “is directed, 
ordered, mandated, and required to uti- 
lize the full amount of the S491 million 


authoritv granted” (AW Mar. 12, p. 
310). 

After a three-hour closed-door com- 
mittee session with Secretary of De- 
fense Robert S. McNamara last week. 
Rep. Vinson declared that he and his 
committee intended to stand pat “and 
fight for legislation on the floor of the 
House in the exact form that we recom- 
mended it." McNamara, who had re- 
quested the session, would not com- 
ment on his presentation except to say 
it was "highly restricted, highly clas- 

Housc debate on the RS-70 program 
is expected to be complicated by a 
jurisdictional and power fight between 
Vinson’s committee and the House ap- 
propriations committee, headed by Rep. 
Clarence Cannon (D.-Mo.), who is a 
long-standing rival of Rep. Vinson's. 

Appropriations committee members 
point out that it is their prerogative to 
decide whether programs “authorized" 
bv the Armed Services Committee and 
other legislative committees are to be 
implemented by the appropriation of 
funds. They note that if Armed Sen- 
ices Committee assumes the power to 
dictate the use of funds, the function 
of the appropriations committee will be 


Rep. George Mahon (D.-Tcx.), chair- 
man of the appropriations subcommit- 
tee on the armed services, told Avia- 
tion Week that it is “entirely inap- 
propriate" for Rep. Vinson's committee 
to dictate to the Air Force the use of 
funds that have not yet been appropri- 
ated. While he approves the authoriza- 
tion of S491 million for the RS-70 pro- 
gram. Rep. Mahon raised the question 
of what the Air Force would do if it 
were directed by authorization legisla- 
tion to use funds that Congress later 
did not appropriate. 

Another amendment to the procure- 
ment authorization legislation is inter- 
preted by appropriations committee 
members as an attempt by armed serv- 
ices to encroach on their exclusive 
authority to fund research and develop- 
ment programs. This amendment bars 
appropriations for RS-70 research and 
development without prior authoriza- 
tion. Authorization before appropria- 
tion is now required only for procure- 
ment programs, not for research and 
development. 

The XB-70 and RS-70 programs 
favored by the Administration and the 
House Armed Services Committee are: 

• Administration program — Develop- 
ment of three XB-70 supersonic 
bombers at a total cost of SI. 3 billion 
to advance technology. A total of SI. 02 
billion has been funded through Fiscal 
1962. and SI 71 million of funds on 
hand would be used during Fiscal 1963, 
leaving S109 million to finish the pro- 
gram, A decision to move into pro- 
duction would be postponed until 
1963-64. The estimated cost of the 
first 45 production aircraft is $5 bil- 
lion, plus S5 billion for a follow-on of 
100 aircraft, or a total cost of S10 bil- 
lion for 145 aircraft. 

According to Air Force testimony, 
the XB-70 program is on schedule, de- 
spite several major re-directions. The 
first aircraft will be completed this 
September. Following installation of 
instrumentation, it will flv in Decem- 
ber. USAF reported that the General 
Electric YJ-93 engine for the XB-70 
has surpassed thrust specifications bv 
3%. 

• Air Force program, which is sup- 
ported by House Armed Services— the 
last two XB-70s would be modified as 
reconnaissance-strike aircraft and $491 
million would be used in Fiscal 1963 
for three additional prototvpcs. 

Re-orientation of the XB-70 to the 
RS-70, USAF reported, would involve 
modification of elements of the bomb- 
bay system to provide a reconnaissance 
strike system: development of high 
resolution radar for surveillance capa- 
bility; and installation of advanced 


USAF, DOD Split on Mutual Aid Fighter 

Washington-Air Force and Defense Department’s International Security Affairs 
Agency arc divided over selection of a standard aircraft as a replacement for the 
ob ole tint Republic F-84 series for mutual aid nations iu Europe and the Far East. 
Final arbiter in the dispute probably will be Defense Secretary Robert S. McNamara. 

USAF and the Air Council have formally recommended a stripped-down day- 
fighter version of the all-weather Lockheed F-104G. designated the F-104-17. ISA. 
with major backing from within the office of the Director of Defense Research and 
Engineering, is pushing for adoption of the Northrop N-156. 

Funding for initial purchases of the aircraft is included in the Fiscal 1963 budget 

defend planned mutual' aid allocations before Congress. ' 

ISA reportedly is basing its stand for the N-156 at least partially on the premise 
that logistics and maintenance problems could be minimized, since its sister aircraft, 

replacement for the Lockliced P T.33. ' P 

Lockheed is countering that the same can be said for the F-104, since the G 
version will be in service with the air forces of a number of European nations as 
well as in Japan. 

The program is potentially a large one with new orders being placed as the F-84s 
arc phased out of the inventories of the respective mutual aid nations. Annual 
orders, however, arc not expected to exceed 100 aircraft. 

Defense originally asked the two companies and other firms with aircraft under 
consideration at the time, including the Chance Vought F8U, to submit cost esti- 
mates on the basis of an initial order foi 100 aircraft. Recently, Northrop and lock- 
heed were asked to submit bids on the basis of a 50-plane order. 

Northrop lias said in the past that it can offer a day-fighter version of the N-156 
for approximately S450.000 if assured of a production run for at least 1.000 aircraft. 
Lockheed reportedly has placed a price tag of about S550.000 on the F-104-17. 

Tile F-104-17 essentially is an F-104G with the all-weather fire control and navi- 
gation systems removed. These units, which cost $385,000 per aircraft, could be 
installed at a later date if the individual countries decided to build up their all- 
weather capability. 
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Early OSO Data Is Encouraging 


equipment for communications with 
a central control point. Air Force re- 
ported that the RS-70 could perform 
complete damage assessment of all 
target areas in the U.S. in 1J hr. 

The RS-70 would be a key cold 
war or limited war reconnaissance 
vehicle, as well as a strategic war re- 
connaissance-strike vehicle. USAF said. 

In defending the RS-70 system. 
House Armed Service Committee ob- 
served: 

“. . . This system, the RS-70, would 
have large numbers of long-range mis- 
siles, long-range standoff reconnaissance 
sensors, and advanced communications 
equipment. Unlike ballistic missiles, 
the RS-70 will not have to rely pri- 
marily on high speed, high altitude and 
low radar cross section for penetration. 
It will have other important advantages 
—it is maneuverable, it can carry large 
quantities of countenneasures, it can 
employ tactics, it does not have to fly 
over or into the target, it has its own 
defense suppression weapons and finally, 
it has man aboard to exercise judgment 
to adjust to a changing environment. 

“The remarkable reconnaissance aids 
would allow the RS-70 crew member 
to study targets in detail, report con- 
dition, and release an air-to-surface mis- 
sile only if the requirement for further 
destruction was verified. All this can 
be accomplished while well away from 
the target and out of range of most 
of the defenses. Some or the very 
large number of air-to-surface missiles 
can be used to destroy the remaining 
defenses from hundreds of miles away. 
. . . The specific roles defined for the 
RS-70 would complement the future 
ballistic missile force. . . . Failure to 
provide this capability may result in an 
inflexible force which cannot cope 
with the unexpected.” 


MA-7 Capsule Changes 

k Washington-At least two changes will 

flown by Air Force Maj.' Donald Slayton 
to correct malfunctions which occurred 
in tlic Mercury Atlas-6 flight of Marine 
Col. John H. Glenn. 

The 1-lb. thruster feed fines used for 
attitude control will be fitted with baffles 
and the pinpoint feed orifice removed 
from tlic system. In the MA-6 flight, 
the orifice in the yaw attitude apparently 
clogged and became inoperative. Stain- 
less steel filter screen upstream of tlic 
orifice may be replaced with a screen of 

this change has not been made. 

In another change, NASA has picked 

hcat-shicld-to-ground information link. 
An erroneous signal from the capsule 
indicating a loose heat shield was traced 
to a faulty electrical switch. 


Washington-Scicntists last week be- 
gan analysis of data tapes from the first 
orbiting solar observatory (OSO-1) 
which has the potential of returning 
more scientific information than any 
satellite yet launched. 

Although definite findings from the 
satellite cannot yet be made, all 13 ex- 
periments are working well and project 
spokesmen are confident the new 
measurements will provide the first clear 
understanding of the earth-sun relation- 
ship which could result in more precise 
prediction of solar storms. 

OSO-1 was launched Mar. 7 from 
the Atlantic Missile Range as the pay- 
load of the eighth Douglas Thor-Dclta 
launch vehicle (AW Mar. 12, p. 310). 
It weighs 45S.3 lb., making it the 
heaviest scientific satellite launched by 
the U. S. Explorer 6, launched Aug. 7, 
1959, had been the heaviest- 142 lb.— 
until OSO-1. OSO-1 orbit is the nearest 
to circular of any attempted by the 
National Aeronautics and Space Ad- 
ministration, with an apogee of 370 
mi. and perigee of 343 mi. Period is 
96.15 min. 

While scientific findings are still 
under preliminary analysis, the engi- 
neering operation of the observatory, 
developed by Ball Bros. Research Corp., 
has been found to be extremely ac- 
curate. One of the major objectives of 
the spacecraft experimentation was to 
determine the pointing accuracy of the 
gas jet system in azimuth, and electric 
motor in elevation. Azimuth accuracy 
is 0.6 min., and elevation accuracy is 
varying between 2 and 3.6 min. 

OSO-1 lifetime, estimated at six 
months, is limited by the amount of 
nitrogen gas in the jets used to spin 
the wheel section, and behavior of lub- 
ricants used in the moving section in 
a vacuum. Pre-launch tests included 
rotating the moving section 10 million 
times while in a 10‘* mm. of Hg pres- 
sure. Lubricants are molybdenum disul- 
fide and a polar molecular oil. 

Spin rate was designed to be 2 rps., 
and actually is 2.05 rps. It was estim- 
ated that 10% of the nitrogen fuel 
would be required to de-spin the satel- 
lite from T20 rpm. after it was injected 
in orbit, but the wheel system proved 
less efficient than nozzles, and 30% 
of the fuel was expended in this single 
operation. Disturbing torques from 
such factors as the earth’s magnetic 
field have compensated for this, how- 
ever, because they are correcting for 
precession in the right direction without 
any fuel expenditure. Precession is oc- 
curring at the rate of 0.25 deg. per day, 
rather than planned 1 deg. per day. 

Project scientists, headed by Dr. 
John C. Lindsay of NASA’s Goddard 
Space Flight Center, already are mak- 


ing plans for OSO-2, scheduled for 
launch in about a year. 

Major previous data on the eartli-sun 
■elationship came from a 328-sec. Aero- 
bee flight Sept. 30 in which the pay- 
load scanned the solar spectrum four 
times with the same type of Goddard 
spectrometer flown in OSO-1. The 
OSO-1 satellite is providing a near-con- 
tinuous opportunity to scan, with the 
hope that variations can be measured 
particularly during a solar flare. 

OSO-2 will be similar to the first 
solar observatory, but will use PCM in- 
stead of FM telemetry and a digital 
recording system to make the data-com- 
mand system more secure. The second 

050 may be a little heavier, but Delta 
is limited to a 500-lb. payload in a cir- 
cular orbit launch. 

Titov’s Orbital Flight 
Certified by FAI 

Paris— Federation Acronautique In- 
ternationale has certified the orbital 
flight last August bv Soviet Maj. Gher- 
man S. Titov following additional infor- 
mation supplied to FAI by Soviet offi- 

FAI’s 15-member astronautics com- 
mittee, met here Mar. 1 0, to study new 
information submitted on the flight. 

Jacques Allez, FAI president, de- 
scribed the additional Soviet informa- 
tion as a complete dossier. Other 
sources, while admitting the new mate- 
rial represented considerable progress 
over past Soviet revelations, felt there 
still was much information lacking. 

The committee finally agreed FAI 
should certify the following perform- 
ance for the Titov flight: 

• Seventeen orbital turns around earth. 

• Total distance traveled of 703,143 

• Flight time of 25 hr., 11 min. 

Titov’s spaceship. Vostok 2, was 

launched near Baikonur (47 deg. 22 
min. north and 63 deg. 25 min. east) 
at six o'clock GMT. Spacecraft and 
pilot landed near the village of Krasny 
Koot in the region of Saratov (50 deg. 

51 min. north and 47 deg. 01.5 min. 
east) at 07.18 GMT. 


Planetary Entry Capsule 

General Electric Co. will investigate 
a planetars’ entry capsule which could be 
dropped into the atmosphere of the 

Capsule would contain instruments for 
obtaining measurements of the Venusian 
atmosphere. Small, four-month feasibil- 
ity study will be conducted for NASA’s 
Jet Propulsion Laboratory. 
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Range Instrumentation T echnology 
Fails to Meet Current Space Needs 


By David A. Andcrton 

Patrick AFB, Fla.— Problems of range 
instrumentation-particularly those as- 
sociated with determination of vehicle 
position and velocity— loom as formid- 
able barriers which must be broken to 
guarantee a high probability of success 
for future space exploration and missile 
testing. 

Today’s measuring systems based on 
either electronic or optical methods do 
not meet current requirements for both 
accuracy and precision of measure- 
ment. Projected systems, still several 
years off. come more closely to meeting 
contemporary requirements than they 
do to meeting future needs. 

One example from the many cited 
during a recent symposium here, spon- 
sored by USAF's Missile Test Center. 
Electronics Systems Division and the 
Armed Forces Communications-Elcc- 
tronics Assn., underscores the major 
problem. 

Dr. G. S. Blevins of Pan American 
World Airways told the symposium that 
current requirements for orbital injec- 
tion call for velocity determination 
within two to five feet per second at 
slant ranges of 20,000 naut. mi. The 
Atlantic Missile Range has no current 
capability to measure that velocity that 
accurately; a future system under con- 
sideration will measure within 5 to 10 
fps.. more than twice the current need. 

This means that rendezvous tech- 
niques, for example, will have to de- 
pend on supplementary location and 
navigation aids carried in the vehicles 
rather than on command and control 
of the maneuver from the ground. 


One range user told Aviation Week 
that impact points were spotted within 
one-tenth of a mile now on overwater 
shots, and that there is a definite re- 
quirement to know the location within 
25 to 100 yards. Me added that the cur- 
rent Missile Impact Locating System 
(MILS) nets, using acoustic hydro- 
phones. were located in the wrong 
places for many of the missiles now 
being fired at the Atlantic Missile 
Range. 

Blevins said that shipbornc instru- 
ment accuracy depends on the precise 
positioning of the ship, and that cur- 
rent systems enable the ship's position 
to be determined within one-half to two 
miles. It should be known to better 
than 500 ft., he said. 

Accuracy Sub-standard 

Basic surveying techniques don't lo- 
cate land-based instrumentation sites ac- 
curately enough, and accuracy degener- 
ates further in the case of island-based 
sites downrange. Time correlation along 
the range is good within 100 micro- 
seconds. Blevins explained, but added 
that it ought to be good within 10 
microseconds. 

Finally, the standards used for cali- 
bration aren't accurate enough. For 
best accuracy now, AMR uses ballistic 
cameras photographing night firings: 
they are accurate to about 10 to 15 
parts per million. But the star catalogs 
used for calibrating those cameras 
should be accurate within one part per 
million for the calibration to mean any- 
thing; unfortunately those catalogs lack 
that accuracy. 

Even the speed of light and the vel- 


ocity of electromagnetic propagation 
through the atmosphere are not known 
to enough significant figures to enable 
their continuing and future use as 
standards for calibration. 

The position is not unique at AMR. 
Other ranges, both national and mili- 
tary, arc facing the same kinds of prob- 
lems in their attempts to define what 
the missile did after it was launched. 
Complicating the situation are such 
problems as crowding of the available 
telemetry frequency bands. Transmis- 
sion difficulties from the missile to the 
round stations are caused by exhaust 
aine plasma either hiding or attenuat- 
ing the signal. Aluminum particles, 
added to solid propellants to increase 
the specific impulse of the fuel, also 
cause attenuation of the signals as they 
are discharged from the rocket exhaust. 

These arc some of the specific 
troubles cited: 

• Atlantic Missile Range is not meeting 
today's requirements for missile posi- 
tion-velocity data in launch, re-entry or 
orbital injection. Even in the initial 
portion of the launching, from zero to 
500 ft. slant range, position is known 
within one to three feet; the require- 
ment is to peg the missile within 0.01 
to 0.02 ft. 

• Pacific Missile Range operators want 
better telemetry than they now have 
in the 225-265 me. band.' They sug- 
gest the development of microwave 
telemetry at frequencies greater than 
S-band (2.200-2.500 me.) 

• White Sands Missile Range operator 
wants to check the dimensions of ob- 
jects that change shape in flight, to 
within a few thousandths of an inch. 
There is no current way to do this ex- 
cept by ‘‘soft” recovery techniques, such 
as mid-air retrieval. 

• Naval Ordnance Test Station, 
China Lake, is involved with under- 
water instrumentation for torpedo work. 
Range scientists desperately need new 
ideas and inventions to enable accurate 
measurements to be taken of sub- 
merged objects. 

• Air Force Flight Test Center, looking 
forward to the problems of North 
American B-70 flight testing, wants to 
get immediate real-time data on both 
pilot and vehicle, instead of waiting for 
delayed computation of data. With 
the current instrument-limited range. 
B-70 flight time would be restricted to 
12 min. one-way on any typical flight 
test. 

• Bioastronautics specialists, represented 
by Lt. Col. I. I- Rosa, AFMTC, want 
completely redundant voice communi- 
cation; television viewing, preferably in 
color, of the subjects; at least one 
physiological barometer such as an 
ophthalmoscope; and a complete dis- 
play in real time of the environmental 
control system as a base line for inter- 
pretation of data. 


240-in. Solid Booster Program Foreseen 

development for application to a specific boost vehicle although Aerospace Corp., 
technical adviser to the Air Force, has recommended that this proceed initially as a 
feasibility program. Applications envisaged include NASA’s Nova or advanced 
Saturn (C-5). with the 156.in.-dia. motor serving as an interim development for this 
boost application. 

Edwards AFB Solids Systems Division contends that applied research projects such 
as the 156-in.-dia. and 240-in.-dia. rocket motors fall under its jurisdiction, with 
monitoring or technical direction allocated to Aerospace Corp. only when the motor 
development is associated with an over-all system such the ease of the 120-in.-dia. 
motor projected for development for the Titan 5 boost vehicle. 

The lOO-in.-dia. rocket motor is now being investigated under feasibility contracts 
by United Technology and Aerojet, under management of Edwards AFB. These con- 
tracts are examples of applied research programs which have not resulted in a boost 
vehicle application, since this size was bypassed for the larger, 120-in.-dia. rocket 
motor development for Titan 3. Feasibility of thrust sector control with fluid injec- 
tion also is being investigated under Edwards management by Aerojet, UTC and 
Lockheed Propulsion, on 120-in.-dia. motors not included in the Titan 3 program. 
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Rift to Be Designed for Varied Missions 

ible enough to permit addition of more 


Washington— Design of the nuclear- 
powered Rift (reactor in-flight test) 
stage, and of the operational stage ex- 
pected to evolve from this test vehicle, 
will be kept flexible to allow increases 
in tankage length to meet the propul- 
sion requirements of varying space mis- 

Thc three companies invited by the 
National Aeronautics and Space Admin- 
istration to bid on Rift— General Dy- 
namics/Astronautics. Lockheed Missiles 
and Space Co. and Martin Marietta 
Corp.— also were asked to describe in 
their proposals what steps would have 
to be taken to man-rate a nuclear-pow- 
ered stage. While not required for the 
Rift competition, man-rating must he 
maintained as a design philosophy in 
light of possible manned missions. 
NASA said. 

Areas which the space agency asked 
the three firms to consider included 
biological tolerances, reliability, dupli- 
cation of critical subsystems, malfunc- 
tion and radiation sensors, safety 
devices and an abort sensing and im- 
plementation system. 

These parameters and others, such as 
hypothetical missions using a Rift-tvpc 
stage, were outlined by NASA at a re- 
cent bidders conference at the Marshall 
Space Flight Center, Huntsville. Ala. 
(AW Feb. 26, p. 37). Bids are due Mar. 
26 and an award is expected to be made 
in late April or May. 

Rift specifications allow the bidders 
some latitude in design. Stage length 
will be determined by the propellant 
capacity required for any given mission, 
but approximately 100,000 lb. of liquid 
hydrogen will be the basic building 
block. Structural design must be flex- 


Discoverer Box Score 

Capsnle of Discoverer 38 was the 12th 
recovered from 26 Air Force Discoverer 
vehicles orbited for a total of 409 orbits. 
No attempt was made to recover cap- 
sules from Discoverers 1. 19 and 21. the 

ing Midas satellite components. 

The 12 capsule recoveries included 
eight bv air-snatch-No. 14 after 17 or- 
bits, No. 17 after 31 orbits. No. 18 after 
48. No. 26 after 32. No. 30 after 33. 
No. 32 after 18. No. 35 after 18, and 
No. 38 after 65 orbits. 

Sea recoveries included No. 13 after 
17 orbits. No. 25 after 33, No. 29 after 
33. No. 36 after 64 orbits. 

All Discoverer satellites orbited include 
Nos. 1. 2, 5, 6. 7, 8, 11, 13. 14. 15, 17. 
18, 19, 20. 21. 23. 25. 26. 29. 30, 31. 
32, 34, 35, 36 and 38. 


tankage. 

Diameter was stipulated as 33 ft., to 
make it compatible with the 396-in. 
diameters of the S-1C and S-2 stages 
of the Satnm C-5 vehicle. 

Present NASA plans call for Rift to 
be flight tested as the third stage of a 
Saturn C-5 launch vehicle. Four flights, 
all ballistic lobs down the Atlantic Mis- 
sile Range, now arc scheduled for 1966- 
1967. 

First flight test of a Rift stage will 
be made with an inert Nerva (nuclear 
engine for rocket vehicle application) 
engine, minus its nuclear reactor. S-2 
stage of this first flight also will be 
inert, carrying water ballast. Purpose of 
this flight will be to measure the acceler- 
ation loads and effects imposed on the 
Rift stage by the S-1C booster. At 
booster burnout, only the Rift stage will 
be separated. 

Increased Payload 

Second, third and fourth Rift flight 
tests will be made with live Nerva en- 
gines propelling the stage, but carrying 
dummy payloads. If both the Rift and 
Nerva prove themselves during this test 
program, the follow-on nuclear-powered 
stage probably will first be used to haul 
heavy materials and equipment to a 
lunar base. Payload capability of a 
Saturn C-5 vehicle with a nuclear- 
powered third stage— informally re- 
ferred to within NASA as Saturn-D— 
is estimated to be two or three times 
greater than an S-4 liquid hydrogen- 
liquid oxygen stage. 

The Nerva engine is being developed 
by Aerojet-General Corp. and Westing- 
house Electric with Atomic Energy 
Commission. It will have a gimbal 
capability to provide thrust vector con- 
trol. but NASA has asked the three 
competing firms to explore other means 
of vectoring. NASA is understood to be 
less than enthusiastic about a swivelling 
nuclear engine because of the heavy ac- 
tuators that would be required to drive 
such a heavy powerplant at fast angular 
rates and because of the associated 
problems with airframe compliance to 

The other major problem in develop- 
ment of the complete Rift stage is 
perfecting the re-start and shutdown 
capability of the Nerva engine. Start-up 
time of the engine, unlike conventional 
engines which begin operating within 
milliseconds, is in the tens of seconds. 
Correct velocity control and position- 
ing of the vehicle in space will demand 
precise starting and shutdown of the 
engine: this requirement in turn will 
necessitate a guidance and control sys- 
tem capable of coping with the particu- 


lar characteristics of a nuclear engine. 
NASA is understood to be inclined to 
adapt the presentlv-planned Saturn in- 
ertial guidance system for Rift. 

NASA docs not anticipate that de- 
sign and fabrication of the Rift stage 
will demand any state-of-the-art ad- 
vancements. Tank and airframe arc ex- 
pected to be integral and will have stif- 
feners, cither internal or external, for 
structural stability. Because of the loads 
which the stage must support, NASA 
does not believe that any of the com- 
peting firms will suggest internal pres- 
surization for structural rigidity of the 
vehicle, like the Atlas missile. 

Propellant feed is expected to be ac- 
complished by conventional turbo- 
pumping. with some minor modifica- 

The contract will also include some 
ground test stages. NASA hopes to 
start construction later this year on a 
static test stand for the Rift stage at 
the Nuclear Rocket Development Sta- 
tion, Jackass Flats, New, near the Aero- 
jet Nerva engine test stands. As the 
program develops, there may be as many 
as three static test stands located at the 
Nevada site. 



MODEL VEHICLE, made by NASA’s Mar- 
shall Space Flight Center, shows Rift as the 
third stage of a Saturn C-5. Rift, powered 
by a nuclear Nerva engine, mil begin flight 
testing at the Atlantic Missile Range in 
tile 1966-1967 time period. 
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NASA Asks $819 Million for Construction 


Washington— Value of National Aero- 
nautics and Space Administration facil- 
ities will nearly double if Congress 
approves the agency's Fiscal 1965 con- 
struction requests, and since most of 
the new construction is keyed directly 
to the Apollo program, there is little 
doubt that NASA will get what it 

There arc 91 separate projects in 
NASA's construction requests, with a 
total cost of S819 million. Existing 
plant value, including Fiscal 1962 con- 
struction programs under wav, is SI. 08 
billion. 

More than half of the Fiscal 1963 
requests is earmarked for 14 projects 
at the Atlantic Missile Range, to cost 
S360 million, and three projects at the 
Mississippi Test Site, to cost S92.5 mil- 
lion. The largest single projects will 
be initial construction of Saturn C-5 
launch Complex 39 at AMR, with the 
first increment to cost S176.6 million, 
estimated to be about 40% of the 
ultimate cost of the facility. 

Nova Facilities 

Another sizable AMR project is con- 
struction of a vertical assembly building 
and two sub-pads for liquid Nova-class 
vehicles, to cost S79.5 million. This is 
35% of the total estimated cost. 

In the NASA construction request is 
$61 million for engine and stage facili- 


ties for Saturn C-5 and Nova vehicles. 
The money is split this way: 

• F-l engine program: S22.7 million to 
complete four single-engine, single- 
position test stands at Edwards AFB, 
Calif., and $2.3 million for environ- 
mental. production and tooling facili- 
ties at North American Aviation's 
Rocketdvnc plant in Canoga Park, 
Calif. 

• Nova N-l and N-2 stage manufactur- 
ing plant: SI 6.1 million. NASA in- 
tends to build this plant in the Gulf 
Coast area at an unspecified site. Mi- 
choud will not accommodate these 
manufacturing facilities. 

• M-l engine program: SI 6 million to 
construct four dual static test positions, 
probably near the Aerojet-General Sac- 

• J-2 engine: S4 million to complete 
modification of two Thor-Delta launch 
vehicle test stands and further modify 
a third at Rockctdync's Propulsion 
Field Laboratory, Santa Susana, Calif. 

Another SI 2.4 million is requested 
for a space radiation effects laboratory 
—a linear electron accelerator— which 
NASA will operate near one or more 
universities. It is expected that the 
location will be on the Virginia Penin- 
sula near the Langley Research Center. 

The agency is requesting $18 million 
for a variety of manned space flight 
control centers, including $5 million 



to modify Mercury Control at the 
Atlantic Missile Range for Gemini 
rendezvous missions; $5 million for de- 
sign and engineering services for the 
Apollo mission control center, and 
$8 million for development and initial 
construction of four Apollo landing and 

NASA plans to modify Redstone Pad 
5 at AMR to accommodate an Apollo 
test vehicle booster (see drawing), fol- 
lowing a development program origi- 
nated for the Mercury capsule with the 
Little Joe vehicle. The advanced Little 
Joe will be a cluster of seven Aerojet 
Algols which will launch full-scale 
Apollo modules on ballistic trajectories 


partial qualification of structural, pro 

^Thc' objective' win'be to bunch the 
booster with v 


by igniting motor combinations after 
liftoff. Maximum liftoff thrust will 
be 250,000 lb., which indicates that 
only two Algol motors will be used 
for launch. Cost of Pad 5 modifica- 


Another pad modification involves 
Titan 1 Complex 19, which will be 
converted to a Titan 2 facility for 
launching Gemini two-man spacecraft 
payloads. 


Mississippi Site Funds 

At the Mississippi Test Site, NASA 
plans to spend $43 million to begin 
construction of Nova stage test facili- 
ties, about 25% of the estimated total 
cost. One test position each for the 
N-l stage— a cluster of eight Rocket- 
dyne F-l engines developing 12 million 
lb. thrust-and the N-2 stage-a cluster 
of four Aerojet M-l engines developing 
4-8 million lb. thrust— are covered in 
this request. Initial positions will be 
used for development stages, and money 
will be requested next year for a pro- 
duction acceptance position for each 
stage. A fifth test stand also will be 
requested in Fiscal 1964 which will be 
capable of testing either N-l or N-2 

Incremental funding totaling S36 
million is being requested for Saturn 
C-5 test facilities, which will allow con- 
struction of one test stand and the 
foundation for a second. 

The remaining $13.5 million at the 
Mississippi site will be spent on utili- 
ties and support facilities. 

Completing the major project list 
at AMR are Apollo mission support 
facilities, $22.5 million; Apollo static 
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test facility, S5 million; Saturn C-5 and 
Nova support, S39.1 million; utilities, 
$22 million; modification to Saturn C-l 
Complex 34, $3.8 million; modification 
to Saturn C-l Complex 37, $1.2 mil- 
lion; addition to unmanned spacecraft 
assembly building, $2 million, and sup- 
porting facilities in the old launch area, 
$3.8 million. 

Other Construction 

Other NASA construction programs 

• Nuclear Rocket Development Sta- 
tion. Jackass Hats. New: total. S40 
million; Rift static stage test and 
maintenance facilities. $20.2 million; 
Rift disassembly, de-mating and main- 
tenance facilities, $8.7 million; radia- 
tion effects facility. S7.1 million; com- 
ponents test facilities. SI. 9 million, and 
support facilities, S2.1 million. 

• Plum Brook Station: total. $39.2 
million; space propulsion facility. S25.5 
million; lunar propulsion research fa- 
cility, $6.3 million; nuclear rocket 
dynamics and control facility. S3.5 mil- 
lion; hydrogen heat transfer facility. 
$2.4 million; facilities modernization 
and reconditioning, $1.5 million. 

• Marshall Space Flight Center: total. 
$33.4 million: initial construction on an 
F-l engine test stand, S4.5 million; ex- 
pansion of instrumentation systems in 
West Area. $4 million: components 
test facility. $4 million: instrument 
laboratory, $2 million: engineering and 
administration building, S2.5 million: 
support facilities in West Area, S7.S 
million; utilities. S2.5 million; second 
engineering building, $1 million; modi- 
fication of Saturn C-l test stand. $2 
million; addition to computation build- 
ing. $1.3 million: components accep- 
tance building. $950,000; low tempera- 
lure facility. $575,000, and hvdraulic 
test facility,’ S340.000. 

• Manned Spacecraft Center: total, 
$30.8 million; flight acceleration facility, 
$10.6 million; site development and 
utilities, $7.6 million: lunar landing 
simulator, S6.5 million, and thermo- 
chcmical test facilities. S6 million. 

• Goddard Space Flight Center: total, 
$23.8 million: spacecraft operations fa- 
cility, S7.5 million: dynamic test cham- 
ber conversion, S3.3’ million; tracking 
and telemetry laboratory, $3.2 million; 
applied sciences laboratory. $3.2 mil- 
lion; development operations building, 
$1.9 million, and attitude control facil- 
ity, $91 5,000. 

• Michoud plant: total. SIS.4 million; 
modifications, $11.4 million; vertical 
assembly building, S3 million; hydro- 
static test and cleaning facility. S3 mil- 
lion, and high pressure test facility. $1 
million. 

• Ames Research Center: total, SI 4.4 
million: space Right guidance research 
facility, $9.8 million, radiative he-at sys- 
tem for mass transfer facility, $2.2 mil- 


lion; Mach 50 helium tunnel, $1.5 mil- 
lion, and bioscicnce laboratory, $924.- 
000. 

• Jet Propulsion Laboratory: total. S10.4 
million; engineering mechanics building. 
$s million: telecommunications labor- 
atory. S2.9 million: data operations and 
command facility, $2.4 million: addition 
to materials research laboratories, $61 0.- 
000, and addition to fabrication services 
building, $605,000. 

• Langley Research Center: total. SS.l 
million; vehicle antenna test facility. 
$1.7 million; equipment for magneto- 
plasmadvnamics research, $1.5 million; 
sfabilization and control equipment 
laboratory, $1.4 million; spacecraft com- 
ponents and materials environmental 
research facilities, $997,000; pirticlc ac- 
celerator for micromcteoroid impact 
simulation. $936,000; addition to heat- 
ing plant. $858,000. and modification 
of the center's 10-mw. arc chamber, 
$760,000. 


• Lewis Research Center: total. S4.7 
million; development engineering build- 

• Wallops Station: total, $4.3 million; 
range support equipment, $2 million; 
advanced data acquisition system, $1.5 
million, and vehicle checkout facilities 
and equipment, $800,000. 

• Flight Research Center: total, $1.8 
million; building additions, $1.3 mil- 
lion, and a visual flight simulator, $475,- 
000. 

• Various locations: advanced antenna 
at Goldstonc Station. Calif., S14.3 mil- 
lion; installation of 85-ft. antennas at 
Johannesburg, South Africa and Woo- 
mera. Australia, $5 million each; Far 
East data acquisition station, site to be 
selected, $6.5 million; and data acqui- 
sition station in Rosman, N.C., S3. 5 
million. The stations in the Far East 
and Rosman are designed for use in 
the acquisition of scientific satellite 
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Glenn Flight Results Spur NASA 
To Emphasize Man’s Space Role 


By Edward H. Kolcum 

Washington— Mercury Atlas-6 flight 
validated a fundamental decision to use 
the human pilot as the primary research 
subject in manned space flight develop- 
ment programs, and preparations arc 
now under way to augment the astro- 
naut roster for Cemini and Apollo 
spacecraft crews. 

National Aeronautics and Space Ad- 
ministration wants seven complete 
flight crews for advanced manned space 
flight missions, and it intends to retain 
the original seven Mercury pilots to 
complete the three-orbit and 18-orbit 
Mercury programs and to be Gemini 
and Apollo spacecraft commanders. 

New astronaut crewmen probably 
will not be selected for four or five 
months, until NASA's new training 
program is complete and simulators arc 
available. NASA intends to have a firm 
training program for the new group. 
The Mercury pilots spent about a year 
without a formal training program. 

Robert R. Gilruth, director of 
Project Mercury and NASA's Manned 
Spacecraft Center, has said man is the 


most predictable element in the man- 
ned space flight system, and Brig. 
Gen. Charles II. Roadman, director of 
NASA Aerospace Medicine, said the 
MA-6 orbital flight of Lt. Col. John H. 
Glenn resulted in "no physiological 
manifestations that cause us any 
concern." 

Full report of the Glenn flight is now 
under preparation and will be pre- 
sented at an open conference in Wash- 
ington early next month. 

Reading of Col. Glenn's vital signs— 
pulse, respiration and blood pressure- 
in preflight, flight and postflight condi- 
tions will not be released until the April 
conference, but were generally de- 
scribed as within 50% of normal. Gen. 
Roadman said any variations were 
within the accepted normal ranges, but 
he added that it is easy to be misled 
by using one flight as final proof. Col. 
Glenn took his own blood pressure 10 
times during his flight, and his pulse 
and respiration were monitored fre- 
quently throughout the flight. 

Gen. Roadman said there has been 
far too much conjecture and too many 
projections in manned space flight 


which many times have been taken as 
biomedical truths. The Glenn flight has 
been the first positive proof that for 
the time and conditions involved in 
such a flight as MA-6 there is no 
hazard to man in space flight. 

The program, therefore, is to "go 
the manned route." Gen. Roadman 
said, and will use animals in manned 
flight programs only when an experi- 
ment is unacceptable for use with man. 
This would occur when instruments 
such as deep brain probes or blood flow 
sensors are needed. 

This philosophy has brought about a 
radical organizational change in what 
has been called life sciences programs 
in NASA. "Manned space flight.” 
Gen. Roadman said, "means just that.” 
Aerospace medicine program will deal 
only with men, and all animal experi- 
ments will come under the office of 
space sciences, headed by Dr. Homer E. 
Newell. Dr. Orr E. Reynolds will 
direct all NASA animal flights as 
bioscience programs chief. 

Alfred M. Mayo, previously Gen. 
Roadman’s deputy, has been trans- 
ferred to the advanced research and 
technology office, where he will estab- 
lish long-range programs in both aero- 
medicine and biosciencc areas not yet 
related to specific missions. 

The approach organizes the agency's 
medical research along functional lines, 
which probably will cross in many ex- 
periments. Cemini two-man capsule 
could include animals, and if the Apollo 
earth-orbiting vehicle is used as a space 
laboratory, it is certain to have mice, 
rabbits and primates on board. 

But no animals will be used for the 
manned flight program, because man is 
absolutely required for mission accom- 
plishment. Gen. Roadman said. Re- 
quirement for the pilot goes beyond 
biomedicine, particularly in the Gemini 
and Apollo flights. Fully automated 
systems are required if animals are the 
only passengers in these spacecraft, and 
Col. Glenn's flight and his later re- 
actions indicate that less automation 
and more dependence on the pilot are 
favored in Gemini and Apollo designs 
(AW Mar. 12, p. 110). 

Although there will be some engi- 
neering changes in the Mercury Atlas-7 
capsule (see box p. 29), biosensors will 
be identical to those used by Col. 
Glenn. Gen. Roadman said the objec- 
tive will be to obtain some depth in 
readings from three-orbit flights to de- 
termine individual variations among pi- 
lots. 

Maj. Donald Slayton, MA-7 pilot 
designate, will be fitted with four float- 
ing electrodes as electrocardiogram 
sensors; a thermistor-tvpe rectal ther- 
mometer, and microphone-type respira- 
tion rate and depth indicator. Like- 
Col. Glenn, he will take his own blood 
pressure by pumping a cuff on his arm. 


New Astronauts to Be Younger 

Washington— Candidates for the second generation of astronauts will be a few 
years younger than the seven Mercury pilots when they were selected, but they 
must meet the same general professional and physical requirements. 

National Aeronautics and Space Administration hopes to select up to 21 new 
astronauts later this year to be co-pilots for Gemini two-man spacecraft, and pilots, 
co-pilots and flight systems engineers for Apollo mission vehicles. Seven-man 
Mercury pool will furnish pilots for 18-orbit Mercury capsules, pilot-spacecraft 
commanders for Gemini missions, and pilots for Apollo flights. 

Meanwhile, Air Force selected four USAF and two NASA engineering test pilots 
as pilot consultants for the Dyna-Soar program. They are Capts. lames W. Wood. 
57. Henry C. Gordon. 56. Russell L. Rogers, 55. and William J. Knight. 52. and 
NASA pilots Neil A. Armstrong. 51, and Milton P. Thompson. 56. 

All have been acting as pilot consultants at Boeing Co., systems contractor for 
the Dyna-Soar vehicle. A decision has not been made on whether this group will 
be the Dyna-Soar astronaut team. 

NASA wants the average age of the new astronauts to be about 50. Because of 
the larger crew compartment size they can be 6 ft. tall, or possibly 6 ft. 1 in., if 
their other qualifications are outstanding. Weight can be up to 190 lb. 

Mercury pilots had to be 5 ft., 11 in. or less and weigh 170 lb. or less. Average 
age at tire time of selection was 5*1 yr., 7 months. 

Like the Mercury pilots, the new candidates must have an engineering or science 
degree or equivalent. The pilot-spacecraft commander candidates must have two 
years of cxpcrieucc in engineering or development test flving and a total of 5,000 hr. 
flying time, half in jets. 

Co-pilot candidates must have had an unspecified time in test flying, and a total 
of 2,000 flying hours, half in jets. 

Flight systems engineers must have a total of 1,500 hr. flight experience, prefer- 
ably as pilots, but navigators or flight engineers are acceptable. They also must 
have had experience with propulsion systems. 

It is probable that some civilians can qualify along with military engineering 
test pilots. NASA has 19 experimental test pilots in X-15 and other aircraft pro- 
grams, but most of them are older than 50. 
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CONOSEAL 

All-Metal Pipe and Tube Joints for Zero Leakage 



in Aircraft, Missiles, Ground Support Equipment 

Unique CONOSEAL Joints have capabilities up to 100,000 
psi, temperatures from — 425°F. to -f-2000°F. with zero leakage. 


You are assured high performance dependability 
when you choose Marman All-Metal Pipe and Tube 
Joints for aircraft, missile and ground support 
equipment applications. Absolutely leakproof at 
extreme temperatures and pressures, CONOSEAL 
Joints are providing optimum performance in a 
wide variety of aircraft and missile systems. Ex- 
amples: Liquid sodium, liquid helium, pressuriza- 


tion systems, liquid oxygen and RP-1 systems are 
a few of the types of applications CONOSEAL 
Joints will handle with ease. Compact and light- 
weight, CONOSEAL Joints will meet your most 
demanding specifications, including connection of 
dissimilar metals. 

Get full information. Ask your Marman Field 
Engineer or send the coupon below. 


& 

1. The CONOSEAL Johll consis 
male and female flange, fruslo-conlcal 
shaded gasket and V-relainer coupling. 


' MARMAN CONOSEAL JOINTS A 


: LEAKPROOF 




llanges, inclined surfaces prevent gasket 




3. Completely ct..., „ B _ _ . 

retainer and CONOSE AL design induce plastic llow 

approximately seven to one over bolted flanges. 
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YOUR WORKGROUND IS IN PLAYGROUND ASHEVILLE 


Here you see the 1,300-acre site that is the plan- 
ning and action center of AMCEL PROPULSION COM- 
PANY. Here people work amidst the beauty and broad 
vistas of North Carolina’s famed Blue Ridge Mountains. 

Nearby is cosmopolitan Asheville, one of the South's 
most advanced cities, modern in every respect, a 
center of culture where churches, schools, medical 


facilities and shopping centers are found in abun- 
dance. People find in the Asheville area one of Amer- 
ica’s great natural playgrounds— its city parks and 
swimming pools, lakes, golf courses, skating rinks, 
ski resorts, and state and national parks are available 
to make more pleasurable the Amcel employee's 
leisure-time activity. 


UNUSUAL OPPORTUNITIES WHERE INDIVIDUAL RECOGNITION 
WILL LEAD TO AN EXPANDED FUTURE. 


• Manager— Product Development Section . . . Pro- 
pulsion Development Engineer with responsibility for 
providing leadership in tasks of integrating compo- 
nents, schemes and hardware into complete workable 
systems and recording of performance characteristics 
of such components. 

• Manager— Product Design Section ... To plan, 
organize, integrate, direct and measure the product 
design function. Deal with rocket propulsion systems, 
components and associated equipment. Provide over- 
all leadership functions for design of propellant proc- 
essing equipment and test apparatus. 

• Manager — Product Processing Section . . . Pro- 
pellant and motor component processing engineer with 
responsibility for providing leadership in tasks of 
planning and directing processing of propellant for- 
mulations and motor components for use in rocket 
motor development programs. Direct motor finishing 
operations and final assembly. 

• Manager— Advanced Products Section . . . Respon- 
sible for initiating new concepts and ideas on propul- 
sion devices. Direct preliminary design of new 
propulsion systems. Synthesize and analyze system 
operating problems. Aid in market surveys for plan- 
ning future work areas. 

• Manager of Test Operations ... To direct staff 
of Project Test Engineers in planning and performing 
solid rocket development test programs. Develop and 
operate facilities for testing motors, propellants, explo- 
sives and environmental testing. Will plan programs, 
define instrumentation requirements, design and direct 
test set-ups. 

• Senior Reliability Engineer ... To develop project 
reliability assurance plans. To provide design coverage 
for reliability prediction and assurance. To plan relia- 
bility test programs. Also to plan controls for produc- 
tion of rocket motors and components. 


• Design Engineers ... To design structural com- 
ponents for rocket motors and associated equipment, 
specify materials for construction. Recommend meth- 
ods for construction or fabrication of design items. 
Calculate stresses, strains, heat transfer, vibration 
and dynamic loading effects. 

• Project Test Engineers ... To plan test programs 
for projects, coordinate all instrumentation and test 
plans, designs and operations. Represents test func- 
tion in project organization for development of rocket 
motors, propellants, explosives or explosive devices. 

• Physical Test Engineers ... To perform and direct 
material tests and non-destructive tests on propellants, 
explosives and rocket motor materials. Plan and per- 
form programs of physical tests for propellants and 
explosives under development, advise designers on 
grain design and material capabilities. Knowledge of 
radiography and ultrasonic methods desirable. 

• Internal Ballisticians ... To make charge design 
studies to optimize ballistic performance and pre- 
liminary charge design studies for proposals. Make 
ballistic calculations of the parameters on propulsion 
units. Experienced in ballistic evaluation and analysis 
of propellants and propulsion systems. 

• Mathematician— Statistician . . . Supervise data 
reduction and mathematical services function and 
provide advisory services in mathematical analysis, 
design of experiments and statistical analysis. Reduce 
data from propulsion and explosive tests. 

• Propellant Process Engineers ... To plan and 
direct processing of propellant formulation and motor 
components for use in rocket motor development 
programs. Direct motor finishing operations and final 
assembly. 

• Product Development Engineers ... To coordinate 
and carry out tasks of integrating components into 
complete workable systems and to record character- 
istics and performance of such systems. Prepare 
development plans including test objectives and 
schedules. 


« YOU. ..YOUR FUTURE. ..WITH AMCEL 


When you seek a better position, your prime 
interest is your future and in the significance of the 
work. Key programs at Amcel Propulsion Company for 
prime contractors in the aerospace industry have 
created new technical positions, each with a future 
as outstanding as a dedicated, competent, individual 
makes it. 

Here is your opportunity to step into a position of 
responsibility in a small propulsion development and 
high explosives company. 

Typical current development programs at AMCEL 
include short burning time rockets, high temperature 


explosives, controllable thrust solid rockets, and new 
techniques for processing explosives and forming 
explosive charges. 

Amcel offers important advantages associated with 
growth. It provides the benefits offered by larger com- 
panies, as it is a division of Celanese Corporation of 
America, while retaining the operating character of a 
small independent company. Individual aptitude and 
initiative is immediately recognized— never forgotten. 
Your interest in a professional position with Amcel 
Propulsion Company will receive prompt, confidential 
attention. Direct your inquiry to: Mr. Bob L. Banks, 
Industrial Relations Manager. 



t EQUAL OPPORTUNITY EMPLOYER 


- <3r«w-^ 


Corporation ol America 


House Group lo Question NASA 
On Role Assigned to Solid Rockets 


By George C. Wilson 

Washington— House Science and 
Astronautics Committee this week will 
call non-govemment witnesses to fur- 
ther explore whether the National Aero- 
nautics and Space Administration 
should place more emphasis on solid 
propulsion. 

Gen. Bernard A. Schriever, com- 
mander of the Air Force Systems Com- 
mand, told the committee's research 
and advanced technology subcommittee 
last week that more money should be 
spent on solid propulsion development 
to assure "an efficient but all-out pro- 
gram.” He said he would supply the 
subcommittee later with estimates of 
how much additional money should be 

Gen. Schriever said the Air Force 
long has been interested in solids and 
will award contracts before July 1 for 
development of 156-in. to 240-in.-dia. 
solid motors which would be used 
primarily for the Nova program. He 
said that for these contracts, the Air 
Force expects to spend about half of 
the S44 million it now has from its 
Fiscal 1962 solid propulsion appropria- 
tion of $62 million. The Air Force is 
requesting 540 million for solid motor 
development for Fiscal 1965. 

From a long-range standpoint, Gen. 
Schriever said Air Force studies have 
convinced him that solid motors have 


Berlin Corridor Action 

Air Force last week began dispatch- 
ing limited numbers of Douglas C-133 
and Lockheed C-130 turboprop trans- 
ports through the air corridors to Berlin 
at a I ti tildes above 10.000 ft., which the 
Soviets have claimed for their exclusive 

The flights came as the Soviets made 
new attempts to harass military and com- 
mercial flights into Berlin, including the 
dropping of metal “chaff” to confuse 
radars and the scheduling of Com- 
munist flights to conflict with the flights 
of Western aircraft. On most occasions, 
however, the Russian flights, scheduled 
through the four-nation air control cen- 
ter in Berlin, have failed to materialize. 

USAF aircraft first began flying above 
the 10,000-ft level in 1959’ with the 
introduction of C-130s into the theater. 
Russia protested that Western aircraft 
were not allowed at those altitudes and 
said they risked the danger of collision 

The U.S. denied the validity of the 
claim to the upper corridor but tacitly 
respected it by withdrawing the C-130s. 


"tremendous potential” for the first 
stages of space vehicles, but that liquid 
engines still look best for the middle 
stages. He discounted claims of those 
enthusiasts who contend that by put- 
ting more emphasis on solid motors, the 
lunar program could be advanced as 
many as four years. Gen. Schriever 
said that although solid motors of 20 
million-lb. thrust possibly might be de- 
veloped within two or three years, they 
could not be placed into a vehicle in 
that time. 

The solid vs. liquid question pits the 
solid propellant companies against 
NASA policy leaders, who contend they 
must rely primarily on liquid propel- 
lants for the near future because the 
technology' of solids is not sufficiently 
advanced. 

Chairman Victor L. Anfuso (D.-N. Y.) 
of the House advanced research and 
technology subcommittee told Avia- 
tion Week the purpose of the hearings 
is "to separate promises from perform- 
ance so members of Congress will have 
a better yardstick for measuring NASA's 
policy regarding solid propellant devel- 
opment." 

The full space committee will look 
into the question before NASA's pend- 
ing authorization bill is reported to the 
House floor. 

Outside witnesses slated to testify’ at 
the subcommittee’s hearings include 
Dr. Edward Teller, associate director of 
Lawrence Radiation Laboratory, and 
Dr. Maurice J. Zucrow, professor of 
mechanical engineering at Purdue Uni- 
versity and a specialist in jet propul- 
sion. Teller will discuss solids and 
liquids during general testimony on ad- 
vanced research and technology, while 
Zucrow is expected to confine himself 
largely to propulsion. Those planning 
the hearings look upon Zucrow as an 
unbiased authority in the solids vs. 
liquids controversy. 

Teller is scheduled to testify Mar. 
27 and Zucrow Mar. 20. Witnesses 
from solid propellant companies will 
be heard Mar. 27, 28 and 29. Although 
the list is not final, representatives from 
Aerojet-General Corp., Hercules Pow- 
der Go., Lockheed Propulsion Co., Thi- 
okol Chemical Corp. and United Tech- 
nology Corp. are expected to testify. 
NASA officials will be given a chance 
to present their case in detail Apr. 4. 


The broad outlines of the solid vs. 
liquid controversy were drawn last week 
when Rep. Anfuso's subcommittee 
looked into NASA's Fiscal 1963 re- 
quests for both types of propellants. 
NASA is asking 57,944,000 for solid 


propulsion development and $163,102,- 
000 for liquid. Rep. David S. King (D.- 
Utah) said the agency's investment in 
liquids was disproportionate to that 
spent on solids. He said spokesmen 
from several solid propellant companies 
had told him they could save years in 
the space race if given their rightful 

Thomas F. Dixon, NASA acting 
director of advanced research and tech- 
nology’ programs, replied that "usually 
people who don't hare something can 
always make promises of what can be 
done.” 

A. O. Tischler, NASA assistant di- 
rector for propulsion in the office for 
manned space flight, explained the is- 
sue this way: 

"The decision is whether we should 
retrace some of our steps which we have 
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T63 Backup Engine 

Wasliington-Amiy has selected Con- 

backup engine to the Allison T63, which 
is scheduled to power the h'ght obser- 
vation helicopter (LOH). 

Bell, Hiller and Hughes arc making 
live prototypes each for the LOH. First 
flights were planned for this summer. 

design the power section of the T63 last 
year. The weight of the 250-hp. engine 
increased from 97 to 137 lb. Delays in 
producing an operational engine resulted 
in a decision last November to seek an 


already taken in the liquid propellant 
case and pick up the steps that would 
lead to the development of the solid 
propellant motors. In doing this we face 
also the decision of having to take cer- 
tain risks because the technology for 

been' TcmonSe S d'' d m ° t0rS ^ 

NASA in Fiscal 1963 intends to de- 
velop what it calls "reasonably-sized" 
prototype motors to demonstrate the 
feasibility of solid propulsion for lunar 
and planetary’ missions. A specific study 
will be the effect a solid stage's high 
acoustical energy’ will have on other 
stages in a vehicle. Subsystems of 
solid rockets also will be tested in en- 
vironmental conditions. 

The general emphasis, however, will 
be on developing solids to meet the re- 
quirements of the manned lunar land- 
ing program. NASA will try to develop 
higher specific impulse propellants, 
thrust modulation techniques and ways 
to give solid motors the stop and start 
capability that is needed for space 
flights. These are NASA's FYI965 re 
cjucsls for solid propulsion research 


Helicopter Case 


Washington— Civil Aeronautics Board's 
Bureau Counsel last week strongly op- 
posed certification of any subsidized 
helicopter carrier in the Washington. 
D. C. area (AW Oct. 23, p. 36). 

In a brief to a CAB examiner. Bureau 
Counsel suggested that adequate heli- 
copter service might be provided by air- 
taxi authority if the 12,500 lb. maximum 




use twin-turbine equipment, which Bu- 
reau Counsel found to be the most 


The 57.9 million total for Fiscal 1963 
compares with $1.9 million NASA spent 
for solids in Fiscal 1961 and 54.3 mil- 
lion for Fiscal 1962. 

The bulk of NASA's Fiscal 1963 
liquid engine request is for Rocket- 
dyne’s 1.5 million lb. F-l and 200,000 
lb. J-2, and Aerojet-General Corp.'s 1.2 
million lb. M-l. The M-l is designed to 
become the second stage of the Nova. 
NASA hopes to start testing the M-l 
in Fiscal 1963 and have it ready in 
1965. The agency regards the M-l as 
a pacing item in the Nova program. 

This is how NASA intends to dis- 
tribute its research money for large 
liquid engine development in Fiscal 
1963: 



RAF Will Not Order 
Additional Belfasts 

London— Prospects for additional or- 
ders of the Short Belfast turboprop 
freighter for Royal Air Force appeared 
dim last week when the airplane came 
up for comment in the air estimates de- 
bate in Parliament. 

In reply to a query on the airplane’s 
military future, W. J. Taylor, under 
secretary of state for air, told the House 
of Commons there was no prospect of 
orders beyond the 10 now being built 
by Short Bros. & Ilarland at Belfast. 
The airplane is scheduled to flv in 1963. 

Taylor said that in the next fiscal 
year, RAF Transport Command would 
take delivery of five de Havilland 
Comet 4Cs, 10 of the 56 Armstrong 
Whitworth Argosies on order, and 13 
Westland Whirlwind helicopters. The 
Belfast will enter service in 1964, fol- 
lowed by the first of five Vickers VC.10 
four-jet transports. 

Julian Amcrv, secretary of state for 
air, referring to pressure to buy the 
Lockheed C-l 30 as an interim freighter 
pending Belfast delivery, told the House 
the Royal Air Force was in a fairly 
strong position concerning deployment 
of equipment, and Blackburn Bcverlcvs 
and Argosies should be able to handle 
the job until the Belfast was delivered. 

Other points raised by Amerv in- 
cluded: 

• TSR.2 strike fighter for RAF is nearer 
than some may think. The airplane has 
both supersonic and low-level capabil- 

• Air Ministry has a small staff working 
full time on military applications of 
space although the secretary added: 
"The last thing 1 want to do is give the 
impression that we have embarked on a 
military space program.” 


News Digest 


General Electric Co. has appointed 
managers for four of six regional offices 
for its Defense Programs Operation 
(AW Mar. 5, p. 27). They are Neil 
Burgess, former manager of the com- 
mercial engine operation at Evendale, 
O., head of the western region at Los 
Angeles, Calif.; George J. McTigue, 
former southeastern regional manager 
of the field sales operation for the 
Flight Propulsion Division, head of the 
Washington, D. C., office; Walter F. 
Greenwood, manager of marketing for 
the Receiving Tube Department, head 
of the northeast region at Lexington, 
Mass.; John P. Turner, central region 
manager for field sales operations for 
the Flight Propulsion Division, head of 
the central region at Dayton, O. 

Avco, Chance Vought, General Elec- 
tric, Grumman, Lockheed, North 
American, Republic and Sperry-Utah 
submitted proposals Mar. 12 to Lang- 
ley Research Center for the Project Fire 
systems contract (AW Feb. 19, p. 27). 

U. S. called for a 30% cut in nuclear 
delivery vehicles and major conventional 
armaments over a three-year period last 
week as the first step toward arms con- 
trol. Secretary of State Dean Rusk 
presented the proposal to the 17-nation 
disarmament conference at Geneva. 
Earlier, Soviet Foreign Minister Andrei 
Gromyko proposed a four-year general 
and complete disarmament, but the 
United Nations control unit he sug- 
gested would not be able to verify the 
size of arms or armed forces until after 
disarmament had been completed. 

Army will evaluate Hawker P.1127 
VTOL strike fighter for possible use 
by the U.S. (AW Feb. 26, p. 26). 
Ordinarily Air Force would evaluate a 
high-performance aircraft, but Defense 
Department ruled that the Army was 
the only service which has a clear re- 
quirement for vertical takeoff aircraft 
of this type. 

Langley Research Center has asked 
about 16 contractors to bid on design, 
construction and ground test of three 
inflatable paraglider systems to be used 
to obtain puncture and re-entry data 
at supersonic speeds and high tempera- 

Dr. Marvin Stern, deputy director 
of defense research and engineering- 
weapon systems, has resigned effective 
Mar. 23 and will become vice president- 
research and engineering, of North 
American Aviation, Inc., with his office 
in Los Angeles. L. L. Waite, North 
American senior vice president-enginecr- 
ing-planning, will become senior vice 
president-contracts and programing. 
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AIR TRANSPORT 


Senate Plans to Scrutinize FAA Research 


Effort to sell new air traffic control system may be 
delayed by detailed examination of all projects. 

By David H. Hoffman 

Washington— Federal Aviation Agency's effort to sell Congress another new 
air traffic control system this spring probably will be slowed in the Senate 
where two key subcommittees plan to examine every research and develop- 
ment project begun by the agency. 

Despite White House acceptance of the Project Beacon report— which calls 
for a S500 million, radar-based ATC system to be developed during the next 
five years— the Senate almost certainly will demand thorough technical 
justification before it votes to fund major recommendations set forth in the 


The Senate’s increased concern with 
FAA management of past research and 
development projects was reflected in a 
Mar. 10 letter from Sen. Warren G. 
Magnuson (D.-Wash.) to FAA Ad- 
ministrator N. E. Halabv. Sen. Magnu- 
son, chairman of both the Senate com- 
merce committee and the independent 
offices subcommittee of the Senate ap- 
propriations committee, asked Halabv 
to "describe and analyze each project, 
task and sub-task” begun by either 
FAA’s research and development serv- 
ice or by its predecessor, the Airways 
Modernization Board. 

To illustrate the detail desired by 
Sen. Magnuson, Halabv was given a 
checklist outlining the minimum in- 
formation he is to furnish. Included is 
the title and justification for each con- 
tract, the contractors involved, the date 
of initiation, the dollar value, the speci- 
fied completion date, the actual com- 
pletion date, the reason for any delays 
and a listing of the hardware accepted 
or procured as a result of each award. 

Sen. Magnuson asked Halabv to re- 
ply at his "earliest convenience." and 
FAA’s research and development staff 
last week was collecting the informa- 
tion sought by the Senate. House hear- 
ings on FAA’s Fiscal 196? budget re- 
quest have ended, but Senate hearings 
probably will get under way this month 
or early in April, when Halaby’s con- 
tract summary can be expected to fur- 
nish ammunition for a number of 
pointed questions from Sen. Mag- 

The long series of contracts awarded 
by FAA and AMB to develop the Data 
Processing Central semi-automatic ATC 
system and height-finding radar will re- 
ceive close attention from the appropri- 
ations subcommittee and from the avia- 
tion subcommittee, headed by Sen. 
A. S. Mike Monronev (D.-Okla.). Senate 


sources report that, in order to avoid 
costly and time-consuming research and 
development projects, FAA’s research 
and development budget request will be 
analyzed in detail. FAA plans to obli- 
gate S74.6 million for research and de- 
velopment in Fiscal 196?. 

After circulation of the Project 
Beacon report last fall, the majority 
viewpoint within the aviation industry 
was that DPC would never evolve into 
a complete system for controlling termi- 
nal area and en route air traffic. It was 
also believed that Beacon’s reliance on 
coded transponders as a means of fur- 
nishing controllers with aircraft altitude 
information would decrease the impor- 
tance of. or perhaps end. FAA efforts 
to perfect a height-finding radar. 

These reactions probably were modi- 
fied during the week of Mar. 5-9, when 
airspace users met here with tbe sys- 
tem design team appointed by Halabv 
to implement Beacon recommenda- 

Team Report 

This team, headed by Albert Brown, 
candidly reported that it did not yet 
know whether development of a small, 
light-weight beacon costing less than 
$500 was feasible. Admission of gen- 
eral aviation aircraft to large areas of 
positive separation airspace, under the 
Beacon report, is premised on the ex- 
istence of such a device. 

Because of unknowns involved in de- 
veloping the cheap, light transponder. 
Brown said that FAA would continue 
testing its prototype three dimensional 
radar installation at the agency’s Atlan- 
tic City, N. I„ experimental center. 
Concurrently, it will evaluate competi- 
tive height-finding radar designs now 
being developed. 

Brown acknowledged that it would 
take a "scientific breakthrough" to make 


a beacon with an installed cost of $500 
or less available to general aviation. 
Other members of the design team 
added that the Beacon task force, in 
predicating part of the new ATC sys- 
tem on such a transponder, was “throw- 
ing a challenge to industry." 

Should industry fail to meet this 
challenge, the team indicated it may be 
forced to loosen the beacon's altitude 
reporting requirement from the present 
100 ft. to 500 ft. 

Lengthy discussion of cither DPC. 
or the so-called state-of-the-art computer 
that the Beacon report recommended 
for predicting flight plan conflicts and 
aiding controllers in high-densitv ter- 
minal areas, was ruled out by Brown 
as a problem too technical for group 
solution. But Air Transport Assn, staff 
members, careful to point out that their 
views had not been endorsed by the 
group's member airlines as yet, distri- 
buted a 58-page critique of the Beacon 
report that revived industry's interest 
in DPC. 

According to ATA’s staff, "a large 
amount of money and effort has been 
expended to date to produce the [proto- 
type DPC] equipment which has been 
delivered to [FAA's] Atlantic City ex- 
perimental center but as yet has not 
been evaluated. It is not clear at this 
point the effect which Project Beacon 
will have on this program. It has been 
interpreted by some that Project Bea- 
con ends this effort.” 

Tlie opposite viewpoint held by 
ATA’s staff holds that FAA should ex- 
amine its DPC installation at Atlantic 
City and compute the cost of a large- 
scale evaluation before deciding DPC’s 
fate. As ATA’s staff points out, not 
only are computers recommended by 
Beacon, but the terminal area control 
system envisioned bv the report involves 
concepts “not totally out of line with 
the DPC equipment.” Some DPC 
radar displays also might prove valuable 
to the Project Beacon system. ATA said. 

One major question that Sen. Mag- 
nuson’s subcommittee no doubt will 
seek to answer is the extent of FAA in- 
vestment in the over-all DPC program. 

Here arc points made by ATA in its 
critique of the Beacon report: 

• Task force decision to develop a new 
ATC system, rather than adapt the Air 
Force Sage system to control air traffic, 
was sound. The inherent shortcomings 
of Sage as an ATC instrumentality and 
the "exorbitant" cost of operating the 
military intercept system were the two 
reasons given bv ATA. 
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TWA to Buy 10 727s in Equipment Shift 

Washington-Trans World Airlines has am 


it order for 20 707-131Bs 


six 707-33 IB turbofan 
it the same time, the ai 


ic said it 


TWA announced Inst September that it 
would order the French-built turbojet aircraft, but sources within both the airline 
and manufacturer indicate that a cancellation will be announced in May. 

First of the Pratt & Whitney powered 727s would be delivered in April. 1964. 

TWA has also revised plans for new long-range Boeing equipment. As part 
of an over-all order involving about S174 million. TWA will now purchase only 
18 131 Bs and lease five of the larger 331Bs. Both aircraft arc powered by P&W 
JT3D-3 turbofan engines rated at 18,000 pounds of thrust. Delivery of the first 
131 B "Star Stream” aircraft is scheduled for next month, while delivery on the 
"Dyna Fan” 33 IB is expected to shirt bv this October. 

Four Boeing 707-720s which TWA currently leases from the manufacturer will 
be returned in September and October. 

Terms of the new contract call for lease of the 331B aircraft from a separate 
corporation formed for this purpose by the Boeing Co. The P&W engines will 
also be leased from a corporation formed by United Aircraft Corp. 


• Slight priority placed upon data link 
by the Beacon report is not justified. 
Recommending that "appropriate de- 
velopmental work be carried forward" on 
automatic computcr-to-aircraft commu- 
nications. ATA cast doubt on whether, 
in fact, the Beacon system would reduce 
the volume of pilot-controller radio con- 

• Full implementation of the Beacon 
ATC system cannot be completed be- 
fore 1970. Calling the report’s five-year 
timetable "ambitious," ATA implied 
that testing of the new system would 
not begin before January, 1964, that 
operational testing would consume an- 
other year, and that field installation 
would not begin before January, 1965. 

• Segregation of instrument from vis- 
ual flight rule (VFR) traffic plus the 
expansion of positive control airspace, 
ATA said, were worthy goals. But ATA 
disputed the advisability of reserving all 
altitudes below 3,000 ft. for VFR traf- 
fic and the widespread application of 
speed limits suggested by the report, 
which, ATA said, was oriented to "pro- 
vide the greatest consideration to gen- 
eral aviation.” 

ALPA Comment 

Air Line Pilots Assn., represented by 
Capt. Ted MacEachen of American 
Airlines during the week-long airspace 
user conference, termed Beacon report 
goals "highly desirable.” ALPA warned, 
however, that the expansion of FAA's 
controller corps in recent years was made 
possible by reducing requirements and 
that this resulted in less controller fa- 
miliarity with pilot problems. 

Air Traffic Control Assn, sided with 
ATA in opposing flight under Con- 
trolled Visual Rules (CVR) in other 
than terminal areas. ATCA's argument 
was based on the relative inaccuracy of 
en route weather reports that cover vast 
areas. CVR would enable pilots with- 
out instrument ratings to participate in 
the ATC system during weather condi- 
tions somewhat worse than present 
VFR minimums. "CVR flight under 
low-visibility conditions would be com- 
pletely unacceptable in the system dur- 
ing the hours of darkness.” ATCA 
Executive Director Edward II. Cocker- 
ham told FAA's system design team. 
Skepticism Expressed 

Cockcrham registered controller skep- 
ticism on the mass use of altitude-re- 
porting transponders during the next 
five years. The problem of clutter in- 
duced by the addition of beacon infor- 
mation to present scopes probably will 
require an expanded presentation, 
Cockerham said. 

“The controller is aware that it took 
over ten years to convert from the low- 
frequency navigation system to the 
VOR; that DME has been with us for 
five years, but only now is the proper 


equipment beginning to become evi- 
dent in the system, Cockerham said, 
adding that formal regulation made this 
possible. 

Cockerham renewed the controllers’ 
plea for "proven tools” rather than 
“futuristic ideas,” and questioned 
whether any off-the-shelf computer 
could do the ATC job required by the 
Beacon report. “Over-all implementa- 
tion of computers for en route and ter- 
minal control coupled with beacon 
equipment and an almost completely 
automated ATC svstem should not be- 
gin until -1967," he said. 

American, Eastern List 
Conditions for Merger 

New York— Failure to obtain Civil 
Aeronautics Board approval by Nov. 30 
of the proposed Eastern-American Air- 
lines merger would permit abandon- 
ment of the plan under terms of the 
agreement between the carriers, East- 
ern’s stockholders were advised last 

Lack of approval by Nov. 30 was 
listed in a notice of the annual meet- 
ing Apr. 17 in Wilmington, Del., as 
one of several circumstances that would 
allow termination of the agreement. 

Other terms of the agreement as pre- 
sented to stockholders include details 
of the combined management struc- 
ture, with an enlarged board of direc- 
tors and protection of certain Eastern 
officials’ employment. 

As expected but not previously an- 
nounced, E. V. Rickcnbacker. now 
board chairman of Eastern, will retire 
if the merger is effected. C. R. Smith, 
president of American, would become 
board chairman and chief executive 
officer of the new corporation, and Mal- 
colm MacIntyre, Eastern president, be- 
comes president of the merged carrier. 


The agreement guarantees employ- 
ment of MacIntyre and seven other 
Eastern officials by the new corporation. 
The protection extends 1 8 months from 
effective date of the merger and guar- 
antees no salary reduction. These con- 
tractual arrangements arc to be offered 
to Eastern Executive Vice Presidents 
Robert L. Turner and Maurice Leth- 
bridge and Vice Presidents J. O. Jar- 
rard, A. L. Chabot. Frank ). Sharpe, 
W. R. Winn, Jr., and George A. Smith. 
Rickenbacker. upon his retirement, is 
to receive $50,000 a vear until Dec. 31, 
1965. 

Board of directors of the combined 
airline would consist of 24 persons, of 
whom 16 will be members of Ameri- 
can's board and 8 members of Eastern’s 

This ratio approximately reflects 
the relative shareholdings in the com- 
bined corporation. 

The merger agreement may be aban- 
doned under these conditions: 

• For lack of approval, as noted above, 
and the approval must not include any 
conditions adversely affecting the com- 
bined operation. 

• For lack of stockholder approval by 
the same date. 

• If the carriers have not received con- 
sents or waivers to avoid defaults under 
credit arrangements. 

• If either corporation’s situation 
changes drastically for reasons other 
than strikes or normal business conduct. 

• If representations made in sections 
of the agreement prove to be untrue 
and having an adverse effect on the 
other corporation. 

Stockholders who dissent from the 
merger may obtain value of their stock 
as of the date of the merger. If more 
than 10% of the holders of common 
stock in either airline oppose the mer- 
ger in writing, the board of American 
can elect to abandon the merger. 
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Jet Crash Spurs Pilot Criticism 
Of Noise Abatement Procedures 


Washington— U. S. airline pilots are 
expressing mounting criticism of airport 
noise abatement procedures in the wake 
of the Feb. 28 crash of an American 
Airlines Boeing 707-1 23B turbojet, 
which killed all 95 on board. 

Although no pilot has yet contended 
that New York International Airport's 
noise abatement procedure was the 
probable cause of the accident, many 
feel that anti-noise measures taken 
there reduce safety margins. 

In a letter written the day before the 
aircraft departed Idle-wild Runway 31 L 
on the fatal flight. Capt. E. R. Banning 
of Pan American World Airways 
charged that departure procedures on 
that runway are "an infringement on 

Banning, central safety chairman of 
Pan American's Air Line Pilots Assn, 
council in New York, urged elimination 
of the noise abatement procedure pre- 
sumably followed by the American 707 
just prior to the time it was observed 
to roll to the left and plunge into 
Jamaica Bay (AW Mar. 5, p. 29), 

Banning's letter, widely circulated on 
Capitol Hill, was addressed to Capt. 
R. M. Weeks. Pan American's area 



chief pilot. Banning said the anti-noisc 
procedure required a pilot to begin his 
first turn at S00 ft. while operating at 
reduced power at a "speed about 75 kt. 
less than best three-engine climb speed 
(707-121)." 

To illustrate the safety margin avail- 
able in that first turn, Banning main- 
tained that the 707-121, at its proper 
climb speed and flap setting, would 
enter initial stall buffet when banked 
30 deg. at zero rate of climb. But the 
aircraft should not be at zero rate of 
climb, and therefore some g-force will 
be exerted on it. Banning said. “An 
engine failure at this point." he said, 
“is obviously very serious.” 

Banning also was strongly critical of 
“Test Able" procedures, under which 
Pan American pilots are instructed by 
radio countdowns when to reduce power 
in the air above sound recording trucks 
placed near ends of Idlewild runways 
by the Port of New York Authority-. 
PonAm's Record 

Competitive airlines feel that careful 
adherence to this controversial pro- 
cedure is responsible for Pan Ameri- 
can’s excellent record at airports that 
give each takeoff a noise rating. Ac- 
cording to Capt. C. W. Swartzell, in- 
ternational pilot superintendent for 
Trans World Airlines, the relatively 
louder operation of TWA could prove 
a substantial economic handicap at Lon- 
don's Heathrow Airport. 

Only operators with noise ratings less 
than 1 1 0 pndb. per average takeoff may 
depart that airport as late as midnight, 
he said. Operators with 102 pndb. 
noise ratings may be granted permis- 
sion by the British Air Ministry to 
leave after midnight. Swartzell said in 

But TWA's noise rating only en- 
titles it to depart Heathrow as late as 
1 1 p.m. under Air Ministrv limitations. 
Therefore. TWA’s Flight 702 from 
New York to Frankfurt must take off 
from Heathrow not more than 20 min. 
later than its scheduled departure time 
of 10:40 p.m.. or else remain overnight. 

Flight 702 will begin operating Apr. 
29. Meanwhile, Pan American is au- 
thorized to operate unrestricted until 
midnight. Should TWA's Flight 702 
be delayed frequently for more than 20 
min., crew and passengers must find ac- 
commodations in hotel-short London, 
direct cost of handling passengers will 
be "tremendous." incalculable passenger 
good-will will be lost, an adverse chain 
reaction on performance will be set up 
and jet utilization will suffer, Swart- 
zell said. 

He also pointed out that at Heathrow. 


the Air Ministry has relocated critical 

equipment, increasing the “number of 
seconds from the end of the runway to 
the point where thrust should be re- 
duced." These “times to thrust re- 
duction” were distributed to TWA 
pilots. Concluding his memo, Swartzell 
wrote: “Let's show them that we are, 
in fact, not only the best airline, but 
also the quietest." 

The chairman and second-ranking 
officer of the local TWA ALPA council 
responded to this challenge with a Mar. 
7 letter which stated that management’s 
invitation to become the quietest air- 
line may result in a "rather loud noise 
if we continue to pursue our present 

According to TWA Capts. A. D. 
Heath and W. F. Merrigan, currently 
established noise abatement procedures 
"are not the safest way to initiate flight." 
Steep climbs in a swept-vving aircraft 
moving at minimum airspeeds, reduced 
thrust, and high gross weight while- 
turning can prove disastrous, they said. 

In many takeoff configurations', they 
said, procedures call for climbout at 
less than recommended minimum speed 
for two-cnginc-out operation. Simul- 
taneous failure of two engines on one 
side at a high angle of attack in these 
instances would give the pilot “little 
chance of effecting a safe recovery.” 

The “noise abatement procedures for 
[runways] 31L and 13R at Idlewild arc 
certainly not the safest procedures" that 
could be followed, they said. 

CAB Warns Airlines 
Of Group Fare Status 

Washington-Civil Aeronautics Board 
last week warned the North Atlantic 
carriers that they are responsible for 
telling depositors who, prior to Mar. 5, 
made reservations based on group fares 
for use after June 1. that the fares may 
not be available after that date. 

CAB on Mar. 5 granted interim ap- 
pioval for the group fares, effective Mar. 
10 through May 31. The fares offer 
groups of 25 or more a 38% reduction 
from regular round-trip economv-class 
fares (AW Feb. 12. p. 38). 

CAB granted the interim approval 
provided no air carrier or agent makes 
reservations or tentative reservations or 
accepts deposits for group fare travel 
after June 1. CAB will hear oral argu- 
ment at 10 a.m. Mar. 27 to decide 
whether the group fares should be con- 
tinued after June 1. 

The Board said it believed the group 
fares held obvious benefits for the North 
Atlantic market, but some of the com- 
ments filed, such as that by the Justice 
Department (AW Feb. 26, p. 50). 
raised questions of discrimination and 
effect on the regular charter market. 
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Aeroflot Changing to Rear- Jet Aircraft 


By Herbert J. Coleman 

London— Aeroflot is switching to rear- 
mounted turbojet engines for its next 
generation of subsonic transports, ac- 
cording to E. A. Smirnov, the Soviet 
airline’s general representative for the 
United Kingdom. 

Smirnov said a large civil jet trans- 
port similar to the Vickers VC. 10 class 
is now in the advanced construction 
stage in the Soviet Union (AW Oct. 2. 
p. 47). In a rare public appearance, lie 
spoke to the London Society of Air- 
Britain. 

Smirnov mentioned that Soviet de- 
signer Sergei Ilyushin had visited the 
Vickers-Armstrongs plant at Weybridge, 
where the VC. 10 is being built, and 
added that a similar Soviet machine 
will appear in the near future. 

It is now a race as to who will be 
first with the machine. Smirnov said. 
The first VC.10 is due to fly in May 
or June. 

Smirnov also confirmed that the Tu- 
polev factory is completing its first 
Tu-124A turbofan transport which will 
have aft-mounted jet engines like the 
Sud Caravelle and the BAC 111 (AW 
Feb. 19, p. 52). It will enter service 
next year on Aeroflot routes, he said. 

The Aeroflot executive confirmed 
that the Soviets have a supersonic trans- 


port in the first stages of construction 
but declined further details. He said the 
problem of supersonic boom would be 
negligible on long-haul routes over the 
USSR. 

In other points, Smirnov said: 

• Aeroflot is experimenting with a 
heated runway at Moscow Airport as 
part of its cold-weather operational test- 

• Service to the Antarctic would be 
continued primarily for Soviet scientists 
and technicians “because I do not think 
there will be many passengers wanting 
to take this trip.” 

• Ground transportation remains a para- 
mount problem, he said, noting that 
"we fly from Moscow to Leningrad Air- 
port in 40 minutes, and take one hour 
from the airport to the city." 

• Helicopter services will be expanded 
but plans to use the Kamov Hoop 
VTOL transport are not yet firm. He 
described the convcrtiplane as largely 
experimental as yet. 

• Aeroflot is flying 300 Tu-104s on its 
routes. He hedged a question as to the 
number of Tu-114 four-engine turbo- 
prop transports in service by saying 
there are three times fewer than the 
Il-lSs. 

• Aeroflot carried 22 million passengers 
in 1961 at internal fares 21 to 3% 
less than International Air Transport 


Assn, agreed fares. Aeroflot, however, 
charges IATA prices from London to 
Moscow, since the route is shared with 
British European Airways. 

Smirnov admitted that "the govern- 
ment says we are not to make a profit" 
but contended Aeroflot feels the only 
way to generate more traffic is to lower 
the prices. He described as successful 
a recent plan to rebate 25% of ticket 
price to students visiting their homes. 

Asked how Aeroflot's safety record 
compared with other nationalized air- 
lines, Smirnov answered: “I should say 
yes.” He did, however, claim that the 
airlines record was good. 

Aeroflot captains, Smirnov con- 
tinued, are chosen on the basis of ex- 
cellence in piloting, not on seniority, 
noting: "we have some copilots who 
have been copilots for 30 years. A 
special school has been set up for cap- 
tain training.” He also said Aeroflot does 
not care to phase air force-trained pilots 
into the schedules, preferring to train 
its own men. 

Smirnov said Aeroflot is satisfied with 
Decca navigator system performance 
used in an evaluation program aboard 
a Tu-104 for the past year and one- 
half between London and Moscow. He 
said there is no similar device in use 
within the USSR, involving a cockpit 
display. 
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Coming home from overseas— to get the U.S. kind of care 


From the distant skies of Asia, Africa and Europe, all TWA jets make 
frequent visits home. Here, at TWA’s vast overhaul base in Kansas City, 
each jet is stripped down, X-rayed, tested, and tuned by hundreds of 
technicians using the world's most advanced facilities and equipment. 
Latest technical improvements, constantly being developed by TWA 
engineers, are built into each jet so that when overhaul is completed 
the aircraft is better than new. Wherever you fly TWA, nationwide or 
worldwide, you know TWA maintains your jet this meticulous U. S. way. 


Braniff BAC 111 Design Keyed to Routes 


By Erwin J. Bulban 

Dallas, Tex.— Advanced version of the 
Rolls-Royce Spey turbofan engine, 
which can maintain its 10,400-lb. sea 
level static thrust rating up through 
90F ambient temperature, will power 
Braniff International Airways’ version 
of the short-range twin-jet British Air- 
craft Corp. BAC 1 1 1 transport. 

The Braniff BAC Ill's later-version 
Speys, designated Stage 2, differ from 
those in the "standard" version of the 
airplane in that they maintain their 
thrust rating through higher ambient 
temperatures than the Spey Stage 1 . 
The Stage 1 engine will maintain this 
thrust rating to 68F, after which the 
power curve descends. 

Braniff decided upon the later Stage 
2 Spey primarily because its schedules 
using the BAC’ 1 1 1 will have to con- 
sider the high summer temperatures en- 
countered in the U.S. Southwest. 

Braniff has firm orders for six BAC 
1 1 Is, plus an option for six additional 
airplanes, the latter for all intents and 
purposes being a firm order, represent- 
ing a total outlay of $35 million includ- 
ing spares. 

BAC estimates spares requirements 
at 20% of the airplane total cost— 1 5% 
airframe and 5% engine. 

Indications are that this purchase is 
an initial buy and the spares require- 
ment could eventually run to twice this 
quantity. The program calls for Braniff 
to be an all-turbine passenger aircraft 
operation in the 1966 time period with 
the possible exception of perhaps 10 
of its current Convair-Lincr fleet being 


retained. The carrier currently operates 
23 Convair 340s, 6 440s, 9 Douglas 
DC-6s, 1 DC-6B and 5 DC-7C piston 
airplanes on passenger service in addi- 
tion to two C-46s and the DC-6A 
freighter. The turbine-powered fleet 
currently consists of four Boeing 707- 
227s, tliree 720-027s (with a fourth to 
be delivered soon) and eight Lockheed 
EIcctras, with another to be delivered 


Planned for Turbines 

Braniff management consideration 
several years ago that its fleet eventually 
would be all turbine-powered is a major 
factor in development of the BAC 1 1 1 
to the point where the airplane probably 
represents the smoothest transition of 
British transport design to U. S. operat- 
ing requirements of any previous for- 
eign aircraft. A member of the British 
airframe manufacturer’s team, working 
here with Braniff, indicated to Avia- 
tion Week that the number of engi- 
neering man-hours expended by his 
linn on modifications necessary to meet 
Braniff's requirements probably will be 
far less than any previous sale, at least 
on the basis of current progress. 

Much of this is credited to the fact 
that the customer worked with British 
Aircraft Corp. in outlining its require- 
ments 18 months before it made the 
actual purchase and thus was involved 
in the program very early in the design 
stages. Braniff chief engineer Richard 
A. Flume noted that the carrier ex- 
pended 8,000-10,000 man-hours of 
analysis in the course of its decision. 
BAC has passed the peak in terms of 


numbers of engineers engaged on the 
airplane design program and now has 
500 persons engaged compared with the 
high-water mark of 650 engineers. 
Braniff feels that it has its version of 
the airplane defined approximately 90%. 
with work remaining centered on final 
cockpit and cabin arrangements and de- 
cisions yet to be made on some system 
components. 

Components are being constructed 
for the initial production batch of 
Braniff and British United Airways air- 
craft and the U.S. operator will get its 
first airplane, certificated for sendee, 
in October, 1964. Following crew in- 
doctrination, it expects to put the air- 
craft into operation early in 1965. The 
British carrier will get its initial BAC 
111 in July 1964 and the basic airplane 
will have several hundred hours of air- 
line operation with that carrier on cargo 
sendee prior to the time the U. S. car- 
rier places its planes in sendee. Because 
of Braniff's and British United’s early 
interest in the BAC 1 1 1 program, they 
have fairly well established the stand- 
ard airplane configuration. 

Design Variances 

Aside from the later-stage Spey power- 
plants. the Braniff airplane will vary in 
detail from the basic configuration. It 
will utilize a standard seating arrange- 
ment of 24 first-class passengers fonvard 
and 39 tourist-class aft, the fonvard 
section comprising six ton’s of four scats 
abreast at 37-in. pitch and the aft sec- 
tion being seven rows of five seats 
abreast having 34-in. pitch. The 
compartments will be separated by a 
Boeing-type corrugated folding door 

Seats arc a component on which 
Braniff has not yet made a purchase 
decision— the carrier doesn't intend to 
buy off-the-shelf seats, but wants them 
custom-designed for the new aircraft. 
Flume said. 

Another Braniff requirement will be 
installation of overhead emergency 
oxygen service. Without this equip- 
ment. the airplane would be limited to 
25,000 ft. Although Braniff expects 
that its average operations will be con- 
ducted at this altitude, it desires the 
capability of going higher to get over 
the weather and thus maintain a higher 
percentage of schedules. 

Braniff also will have front loading 
of passengers on its airplane in addition 
to the standard ventral stairway. For- 
ward entrance will consist of a door 
opening overhead, with a one-piece 
stairway that slides out from under the 
flooring to reach the ramp. Standard 
airplane has provision for a baggage 
room fonvard of the cabin behind the 
cockpit. This will be used by Braniff 
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of almost anything 


Skycrane lifts 


The new S-64 Sikorsky Skycrane, now in test, is a 
heavy-duty helicopter capable of lifting an astonish- 
ing variety of 9-ton loads of almost any shape. 

Powered by two 4,050 hp Pratt & Whitney Aircraft 
JFTD-12 turbine engines, the Skycrane can hurry 
men and materials over marsh and mountain at 145 
knots, or hover overhead to load ships and erect 
steel. It can string wire, lay pipe, tow boats, track 
submarines, position missiles, and lift everything 
from letters to logs. Fitted with interchangeable 


pods, the S-64 is a 60-man troop transport, vehicle 
carrier, supply ship for limited warfare, or mobile 
you-name-it. In fact, the Skycrane is so versatile its 
uses are limited chiefly by man's imagination. 

Through this versatility, Sikorsky's S-64 will 
reduce the time, trouble, and expense of moving 
things anywhere in the world. To find out how this 
busy bird can give your project a 9-ton lift, write 
today on your letterhead to Sikorsky Aircraft, 
Stratford, Connecticut. 


Sikorsky Aircraft 
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ns a passenger coat-room. Cabin will be 
stvled by Charles Butler Associates, 
New York, 

All the avionic equipment used in the 
cockpit will be solid state, Flume noted. 
Selected thus far has been Collins 103 
weather radar and Collins 105 flight 
director system. Autopilot will be the 
Fclipsc-Pionccr PB-20, same as used on 
the Boeing 720, and this equipment 
will be interchangeable on the two 
types of aircraft as result of an adaptor 
which was developed by the equipment 

The adaptor box stays on the particu- 
lar airplane for which it has been de- 
signed, and other components are inter- 
changeable. Considerable interchange- 
ability also is expected with components 
of generator and hydraulic systems on 
Branilf’s Boeings. 

DME Decision 

Make of distance measuring equip- 
ment (DME) has not been selected, 
since the carrier has yet to select the 
standard type for its turbine-powered 
fleet. Since the Federal Aviation 
Agency requirement calls for installing 
DME on all jets by the first of next 
year and on all turboprops by mid-1963, 
this decision will have been made by 
the time the BAC 1 1 1 is delivered and 
will be installed at the factors'. Total 
value of U.S.-made equipment on the 
Braniflf airplane is estimated at 
S200.000. 

Airplane will also have a fuel jet- 


Caravelles for Yugoslavia 

Yugoslav* national airline, officially con- 
firmed its order for three Sud Aviation 
Mark 6 Cnravcllc jetliners (AW Jan. 22, 
p. 43). JAT said it expected to begin 
Caravellc service— the carrier's first jet 
opcration-in February, 1963. JAT Cara- 
vcllcs will link Belgrade with Athens, 
Cairo, Munich, Frankfurt, Zurich, Lon- 
don, Rome and Paris. 


tison system, which is not required by 
British airworthiness regulations. 

Low initial and operating costs and 
size were prime factors affecting man- 
agement's decision to buy the British 
airplane. Based on an average stage 
length of 260 mi., modified AT A figures 
developed by the carrier indicate that 
the airplanes will average an aircraft 
mile cost of $2.23 and a seat-mile cost 
of $0.0372. while break-even load factor 
will be 48.3% with the number of pas- 
sengers required to break even being 
29.4 of the 63-seat capacity. Figures are 
based on 1966 costs, at which time 
Braniff will have been operating the 
12-planc fleet for the first full year. 

Estimated useful life of the airplanes 
is 1 2-1 5 scars, Braniff stated. 

Although schedule patterns have not 
vet been fully firmed up and there may 
be some changes by the time the fleet 
is operational, the airline declines to de- 
tail the contemplated program. But 
typical BAC 1 1 1 services will include 
areas such as Dallas to Houston, Dallas- 
Oklahoma City-Wichita-Kansas City, 
and Dallas-Mcmphis-Nashville- Wash- 

ington, D. C.-Ncw York operations. 
Supplier Cooperation 

Considerable cooperation has de- 
veloped between 0. S. and British 
equipment suppliers to ensure service 
requirements. The airplane’s U. S.- 
madc AiRcsearch turbine auxiliary 
power unit, which makes the airplane 
independent of ground services for air 
conditioning and starting power, will 
be available in Britain through Norma- 
lair; Elliott-Bendix in England will pro- 
vide services on the autopilot; Plessey 
will handle the Wcsfinghouse genera- 
tor system in Britain. Contract specifica- 
tions for vendor items include overhaul 
requirements, with the intention that 
equipment achieve 3,000 hr. between 
overhauls at an early stage of operation. 
Design aim on the aircraft's primary 
structure is to provide a minimum serv- 
ice life of 30,000 hr. based on average 
flights of 45-min. duration. 


BAC is avoiding one design practice 
which caused extensive modification of 
the Viscount for individual customers: 
cabin appointments— the galley, for ex- 
ample-will be removable and not re- 
quire redesign and production modifica- 
tion for customer requirements. 

Mining Firm Buys 
Control of Frontier 

Washington— Controlling interest in 
Frontier Airlines, held by its president 
and chairman. Louis B. Maytag, Jr., is 
being sold to the Goldfield Corp. of 
San Francisco, Calif., a mining firm. 

Goldfield officials have announced the 
signing of an agreement with Maytag 
for the purchase of his 625,000 shares 
of Frontier common stock. Details of 
the transaction, covering about 67% of 
the airline’s stock, were not immedi- 
ately available; Goldfield spokesmen in- 
dicated the purchase would be on a cash 
basis with partial bank financing. 

Representatives of the mining com- 
pany were scheduled to meet with Fron- 
tier late last week to select a new 
president for the airline, a Frontier 
spokesman said. No further changes in 
the airline’s management arc being con- 
sidered at this time, he added. 

Industry sources have speculated that 
Maytag might re-invest his funds in a 
large western trunkline carrier. 

One of the largest of the local serv- 
ice carriers, Frontier serves 10 states 
in the Midwest and Rocky Mountain 
area. Net profit before taxes for the air- 
line last year amounted to $771,000 on 
gross sales totaling $15 million. Fron- 
tier operates a fleet of 24 DC-3s and 
seven radar-equipped Convair-340s over 
a 6,000-mi. route system. The com- 
pany employed 1,100 persons last year. 

Goldfield! which recently merged 
with the American Chrome Co., has 
extensive gold and tungsten operations 
in Nevada, lead and zinc mines in 
Washington and rights to chrome ore 
concentration near Billings, Mont. 
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Florida Pleasure Travel Makes Comeback 


By Glenn Garrison 

New York— Airlines serving the Flori- 
da market are benefiting from a slurp 
resurgence of pleasure travel to that 
state which is expected to result in a 
record winter season this year. 

Whether load factors will keep pace 
with the greatly expanded jet capacities 
in the market is another question. In- 
dications are that, in general, traffic 
increases arc not significantly offsetting 
the increases in jet seats. A big factor 
in the capacity situation is the tripling 
of Eastern's jet eapatfitv in the market 
(AW Jan. 1 5. p. 46). shifting Eastern 
from a scarcity of jet scats to its normal 
dominance of the Florida capacity. 

The Florida travel market is showing 
signs of a strong comeback this year. 
For a variety of reasons, including the 
increased accessibility’ of other vacation 
areas with the jets. Miami in particular 
has been in a relative decline in recent 
years. But this winter, hotels in Miami 
are overflowing and indications are that 
Florida will handle a record 15 million 
visitors this year. 

For the peak winter seasons, estimates 
of increased travel business for the state 
run as high as 1 5%. 

Tourist Increase 

Florida tourist business began pick- 
ing up during the latter part of last 
vear. Figures of the Florida Develop- 
ment Commission show a 200,000 
increase in the number of air tourists 
(pleasure travelers) who visited the state 
last vear as compared with 1060. 
The 1961 total was 1.450.643. After a 
slow start early last year, summer busi- 
ness improved, with a record number of 
visitors in July. However, the airlines’ 
big Florida season is the winter. In 
December. 1961, air tourists totaled 
167,883, up from 125.133 the previous 
December. By contrast, January. 1961, 
showed a decline in air tourists from 
Januarv. 1960-down from 142.000 to 
140,000. 

In the northeast-to-Florida airline 
market. Eastern reports business as 
“much better” than last winter but 
will provide no statistics. Northeast Air- 
lines' February traffic between the north- 
cast and Florida increased 6% to 47.- 
000 passengers and 67.5 million reve- 
nue passenger-miles. Northeast says 
indications are the trend will continue 
through the season and into the sum- 
mer. National says the Florida season, 
as evidenced by hotel occupancy, is 
good, but excess competition has pre- 
vented the carriers from benefiting 
from the boom. National’s February 
system traffic was up 68% over the 
same month of 1961, with a load factor 


increase from 55% to 57%. But the 
airline said its improved business has 
been primarily because of the Southern 
Transcontinental Route and the aero- 
space industry activities. 

The northeast-Florida picture is, of 
course, affected by the bitterly con- 
tested case to determine whether 
Northeast’s Florida route should be 
renewed, with National and Eastern 
contending that there is insufficient 
traffic for three carriers. 

Eastern’s northeast-Florida business 
is stronger than business from the mid- 
west to Florida. In that market, com- 
petition from Delta and United is a 
factor. Delta reports increases in Flor- 
ida traffic from Chicago at about 6% 
and from Detroit as 20-25%. About 
2,000 more passengers are being carried 
to Florida from Detroit monthly this 
season. Delta estimates. 

From the northeast, airlines have been 
hampered bv spells of bad weather 
which curtailed operations during busy 
weekend periods. Tire poor weather is 
desirable as a stimulus to Florida travel, 
but when it gets to the point of 
hampering operations or forcing can- 
cellation of flights this benefit obviously 
is lost. According to Eastern, five week- 
ends in succession involved poor 
enough weather to hamper operations. 

The pattern of travel peaks during 
the current winter season has been 
erratic, failing to follow normal patterns, 
Eastern reports. From an early January’ 
level about the same as last year's, busi- 
ness picked up in mid-January, partially 
leveled off in February and then hit 
its peak in the latter part of February. 
This month started strong whereas 
March nonnally does not show such a 
heavy north-south volume. 
No-Reservation Jets 

The weather problems somewhat ob- 
scured introduction of Eastern's no- 
reservations jet service between New 
York and Miami, 'll. is service, which 
has been matched by Northeast and Na- 
tional though they opposed it. provides 
seats on jets at slightly lower fares for 
passengers without reservations, al- 
though every passenger is not guaran- 
teed a seat. There are no backup air- 
craft and configuration is mixed, so the 
service is not a true air shuttle in the 
sense that Eastern's piston shuttle in 
the Boston-New York-Washington 
market is. Eastern, in the New York- 
Miami "shuttle." reserves 10 or more 
seats on each of 12 daily non-stop jet 
flights for the no reservations passengers, 
but if they are not accommodated, they 
must wait for the next flight. 

Eastern carried more than 5.000 of 
these jet shuttle passengers from the 


start of service Feb. 9 through Mar. 7. 
Part of the total represents new busi- 
ness, the airline believes, but it doesn’t 
know how much. During the late Feb- 
ruary rush for Florida scats, many pas- 
sengers on standby basis for regular 
seats were accommodated on the shuttle, 
so the fact that the shuttle started at 
a time when there was an abnormally 
large demand for seats anyway resulted 
in an inadequate test of the shuttle’s 
true attraction. 

Eastern says it is encouraged by 
shuttle results so far. But the service 
is acknowledgedly an experiment in a 
different kind of market from the "com- 
muter" market served by the piston 
shuttle. The differences include the 
higher-fare, long-haul aspect of the 
Florida service and the character of the 
passengers— more family groups, more 
luggage, more people with hotel reser- 
vations which they might not want to 
jeopardize by missing a flight. 

At any rate. Eastern says it is too 
early to evaluate whether the shuttle 
principle can successfully be applied to 
long-haul service. 

Northeast also reports no conclusions 
yet about no-reservations results in the 
sendee. National reiterates its formal 
complaints to the plan: strenuous ob- 
jection to the use of prime equipment 
during peak season prime hours at re- 
duced fares. National offers the sendee 
on five daily round trips between New 
York and Miami; Northeast offers it 
on four daily round trips between the 
same two points and on one round trip 
each day between New York and Ft. 
Lauderdale. 

To handle peak Florida business 
loads, Eastern has operated more than 
’4 extra sections since Feb. 1. most of 
them in jets. It has leased two Pan 
Am DC-8s in 153-seat configuration for 
the winter season, and for one peak 
occasion temporarily leased a third. Two 
of Eastern's Boeing 720s are used as 
backup aircraft at peaks to provide 

Airlines expect the traffic increase to 
continue, with good bookings through 
April. They also hope for a prosperous 
summer season. Florida s summer 

bigger than its winter season business, 
according to the development commis- 
sion, but it is generally a different kind 
of business than in winter and less of a 
potential for airlines. The summer visi- 
tor, for example, is more likely to have 
less money, stay a shorter time, bring 
his car, perhaps camp out. 

The commission estimates that visi- 
tors to the state will total 1 million per 
month for January, February and March, 
and 13 million for the year. 
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To qualify for the B-70 Mach 3 aircraft, this tire must function for prolonged 
periods at a temperature of 360° Fahrenheit. Conventional aircraft tires 
could not survive even one mission at such oven heat. 


Thus B.F.Goodrich engineers had to achieve technical break-throughs in 
both materials and design for the B-70 tires. In qualification tests, the tires 
were exposed for several hours to a 360°F environment, and then subjected 
to a number of simulated flight cycles— takeoff, flight mission, and landing 
—at this high temperature. The BFG tires have now passed qualification 
tests, nearly a year ahead of schedule. 

The BFG tires set a milestone in tire efficiency, 
yet size is reduced over conventional designs. 

The usual aspect ratio (height to width) is 85% 
to 90%. The B-70 tire ratio is 63%. While 
difficult to build, this means that tires occupy 
less precious space. 

Any way you look at it, this is the most ad- 
vanced tire ever built . . . and the only one quali- 
fied for the B-70. Good reason for you to depend 
on B.F.Goodrich tires for anything on wheels. For 
information write B.F.Goodrich Aerospace and 
Defense Products, a division of The B.F.Goodrich , 

Company, Department AW-3B, Akron, Ohio. < 



BFG TIRES TAKE ON THE TOUGHEST JOBS 



MACH 3 B-70 being built by North American Aviation . . . tires must withstand hours 
of elevated temperatures. 

ROCKKT- POWERED X-16 . . . 
leans back to land on special skids, 
then comes down on dual nose wheel 
tires with high impact Only BFG 
fabric tread tires are used on the 
X-15. Nylon laminates are sand- 
wiched right into the tread to reduce 
internal flexing and overheating. 

This type of tire construction is now 
used on virtually all military and 
commercial jets. 






GENERAL DYNAMICS B-S8 

. . . requires a tire takeoff capa- 
bility of 300 mph, faster than 




tires are only 22 inches in diam- 
eter, thus tires are subjected to 
extremely high stresses. BFG 
tires having a high-speed com- 
pound with BFG fabric tread de- 
sign are qualified for this service. 


aerospace and defense products 


SHORTLINES 


AIRLINE OBSERVER 

► Airlines showing interest in the British BAC 111 short-haul twin-jet 
transport include American, Eastern, Western. Delta. National and Con- 
tinental. Braniff has six on order and six options (see p. 45). Delta has car- 
ried out its own studies of the aircraft, which appears to blend well into 
Delta's Convair S80 and Douglas DC-S fleets in terms of complementary 
economic range. Trade-ins of Lockheed 1049s, DC-7s and other piston- 
engine aircraft have been discussed with airlines, but British Aircraft Corp. 
has not yet agreed to any such arrangements. 

► Federal Aviation Agency's system design team, now attempting to fashion 
a new air traffic control system based on Project Beacon report recommenda- 
tions, believes that data furnished bv weather satellites will play a very minor 
role in U.S. ATC for the next five years. Although such data will be 
valuable to long-range, intercontinental traffic movements, its usefulness 
within the U. S. nail be slight until satellites can relay the altitude and depth 
of various cloud formations, the team feels. 

► Northwest Airlines may be the first major trunk carrier in which the Inter- 
national Brotherhood of Teamsters gains a foothold. The National Media- 
tion Board was scheduled to open hearings last week on a Teamster petition 
to represent 1,400 Northwest mechanics and will later consider a similar 
petition covering 150 flight engineers. An overwhelming majority of these 
employes, who currently arc members of the International Assn, of 
Machinists, urged the Teamsters to seek the right to represent them. 

► Wien Alaska Airlines has ordered one Pilatus Turbo-Porter aircraft, con- 
tingent upon FAA certification of the Swiss-manufactured airplane. Delivery 
is expected by early summer. Wien currently operates one piston-engine 
Porter and has been studying the possibility of ordering five Short Skvvans, 
manufactured by Short Bros, and Harland, Ltd., of Belfast, Ireland. 

► Aeroflot's twin-jet Tu-104s are dragging down the on-time performance 
of Russia’s turbine-powered transport fleet. Tu-104s are not permitted 
to fly under some weather conditions deemed suitable for turboprop 11-1 8s 
and An-lQs. To improve the situation. Aeroflot wants local officials to 
show more flexibility by substituting an 11-18 or An-10 flight for a weather- 
delayed Tu-104 trip whenever possible. 

► Capt. John C. Carroll, only announced candidate for the presidency 
of Air Line Pilots Assn., received his first major setback when United Air 
Lines’ master executive council voted that no announced candidate had 
adcouatc qualifications for the office. But Carroll, now ALPA’s first vice 
president, is known to have strong support among former Capital Airlines 
pilots who will maintain their identity until United and Capital seniority 
lists can be merged. Many ALPA members are predicting that President 
Clarence Saycn, who promises to resign before May 29, will endorse the 
union’s executive administrator, Kay MacMiirrav, for the post sought by 
Carroll. 

► British Treasury’s Export Credits Guarantee Dept, is considering lengthen- 
ing its five-year maximum term for airline loan backing to seven vears. 
Even with the extension, however, this tenn is still shorter than that allowed 
by U. S. banks and insurance companies for airline equipment loans. The 
department has rejected proposals to forego its deficiency claim— a claim 
against the general credit of an airline in event of default. U. S. financing 
generally is secured by an equipment mortgage. 

► Eastern Air Lines is encouraged by passenger reaction to its new Falcon 
Lounges for first-class passengers, opened Dec. 15 at Idlewild, Atlanta and 
Miami. Designed to offer additional advantages to holders of first-class 
tickets, the plush lounges, similar to VIP rooms of other carriers, are 
open to all first-class ticket holders and their guests. By Mar. 9, about 
45,000 passengers had visited the lounges and Eastern reports that, in some 
cases, passengers have converted coach tickets to first-class in order to 
use the lounges. 


► Air-India and Air Ceylon will lease 
dc Ilavilland Comet 4s from BOAC 
this spring. Air Ceylon will use the 
Comets between Colombo and Lon- 
don, Air-India Comet sen-ice will link 
Bombay and Madras, India, and Ku- 
wait with Singapore and Djakarta. 

► Air Transport Assn, reports January- 
interline business conducted by U.S. 
certificated air carriers, as reflected by 
Airlines Clearing House transactions, 
totaled $87 million-a 9.4% increase 
over January, 1961. 

► American Airlines on Apr. 1 will be- 
gin service with Convair 990 jet aircraft 
between New York and Detroit with 
two round trips daily and between New 
York and St. Louis with one round trip 
daily. American will also begin 990 serv- 
ice between New York and Dallas Apr. 
1 5. The westbound flight will be non- 
stop, and eastbound via Chicago. 

► British Overseas Airways Corp. re- 
ports it will begin nonstop service once 
a week between San Francisco and Lon- 
don May 4 with Boeing 707 jet aircraft. 
Twice-weekly sen-ice begins May 27. 

► Eastern Air Lines opened its elec- 
tronic computer center at Charlotte, 
N. C. early this month. The center 
uses two Onivac 490 computing sys- 
tems— part of $5.5 million in owned 
and leased electronic gear— to give 
immediate information on scat availabil- 
ity on any Eastern flight. 

► Japan Air Lines, host to a meeting of 
representatives from 29 airlines gath- 
ered to explore pooling as a means of 
cutting jet operating costs, said Air 
France, Avianca. El Al, Lufthansa, Pak- 
istan International, Pan American, 
Qnntas and Trans World Airlines h id 
agreed to pool turbofan engines on their 
Boeing 707-321Bs and 720s. 

► Northeast Airlines reports it flew more 
than 67.5 million revenue passenger 
miles during February— a 5.8% increase 
over February, 1961. 

► Pan American World Airways has 
established a corps of cargo specialists 
throughout the U.S. to advise shippers 
in freight fields affected by changing 
procedures and business conditions. The 
specialists are available for consultation 
through any of Pan American’s local 
sales offices. 

► Sud Aviation has delivered the last of 
20 Caravellc jet transports ordered by 
United Air Lines. As of Feb. 1. Uni- 
ted’s Caravelles had logged 10,000 hours 
in scheduled service. 
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FORGED SHAFTS 


For Maximum Physicals 

Maximum fatigue resistance, impact strength, toughness and 
tensile strength with minimum weight are essential in shafts 
for aircraft. And for jet engines, the shafts must maintain high 
physical properties and chemical stability under intense heat. 

Special alloys and exotic metals forged by Cameron’s unique 
technique on 11,000 and 20,000 ton split-die multiple ram 
presses have a combination of very high physical properties 
unobtainable by any other means. Carefully controlled grain 
flow assures uniformly high properties while ultrasonic and 
fluorescent penetrant inspections verify freedom from flaws. 
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AND NOW... 

JOIN THE FLEET! 

The carrier-based Crusader travels in the Mach 2 speed range . 
all-weather, packs a variety of offensive punches and has a radar eye 
for alertness to conditions and target. 

Chance Vought's requirements for "essential-to-flight" circuits 
included maximum density and reliability. They found what they 
needed in AMP Crimp-type TAYP-AIR pins and blocks. The design of 
AMP TAYP-AIR pins makes possible a high concentration of circuits 
in less space . . . heavy, bulky, standard terminal boards are replaced 
by lightweight, compact AMP TAYP-AIR nylon blocks. The tapered 
shape of the new terminal provides excellent electrical and mechanical 
characteristics and when subjected to vibration, retention values are 
actually increased. Insertion and extraction of the AMP TAYP-AIR pin 
is accomplished with easy to handle tools which simplify not only instal- 
lation but also repairs and circuit changes. Other features include: 


• Plating: gold over nickel on leaded bronze base material. 


* Wire Size: pins available in three sizes to cover wire size ranges 
16-24 AWG. 


• Blocks: choice of three sizes: 48 single circuits in feed through 
block, 12-3 common circuits with potted back and 12-4 common cir- 
cuits with potted back. 


• Color Coding: insulation sleeves color coded to conform with 
matched AMP crimping tool. 


AMP TAYP-AIR PINS may very well fit in with your designs on saving 
space and weight. A sure way to get your problem off the ground is to 
write for further information today. The complete story on AMP 
TAYP-AIR Pins and Block Assemblies will be sent on request. 


INCORPORATED 
Harrisburg, Pennsylvania 


AVIONICS 



SEMICONDUCTOR integrated circuits 3rc being attached to a 10-lead TO-5 transistor header by production employe (left) at Fairchild 
Semiconductor Corp. In subsequent steps leads arc bonded to the circuit, then welded to header posts, as in conventional transistor 
production. At extreme right. C. Harry Knowles. Motorola Semiconductor Products Division, shows integrated circuit photographic mask 
to Dr. C. L. Hogan, Motorola vice president. Precision photography is a key clement in preparing masks for integrated circuit fabrica- 
tion. Anticipated use of integrated circuits is expected to have widespread impact on avionics industry. 

Microelectronics Causes Avionics Turmoil 


By Barry Miller 

caused by a seemingly inevitable trend 
toward the use of microelectronics, 
which threatens to alter the traditional 
pattern of component maker and cus- 
tomer relations, the competitive posi- 
tion of avionics equipment and systems 
manufacturers, and the nature and 
rate of growth of avionics component 
makers. 

While differing in their evaluations 
of it, virtually the entire avionics in- 
dustry accepts as a certainty that micro- 
electronics, more specifically the cate- 
gory known as integrated circuits, even- 
tually will play an influential, perhaps 
dominant role in the industry's future. 
This will be true especially in aero- 
space and military systems! in large- 
scale data processing and in as yet 
uncharted areas— for one or a combina- 
tion of reasons, such as light weight, 
small size, potential high reliability 
and, most important reason of all, low 

Exactly when and how this comes 
about, precisely how widespread it will 
be, which technique or techniques will 
dominate in what fields, who will make 
microelectronic devices and which man- 
ufacturers and which industries will be 
the chief beneficiaries and the unfortu- 
nate losers are not as evident. Certain 
clues as to the direction of future events 
are becoming clear, however, from 
Aviation Week interviews in recent 


weeks with industry executives, scien- 
tists and marketing people. 

Microelectronics will be a semicon- 
ductor-based technology, and its future 
will be tightly linked to successes and 
and failures, shortcomings and strengths 
of the semiconductor component in- 
dustry, practically all avionics industry 
people interviewed agree. Of the three 
leading microelectronic approaches, two 
-discrete micro components and inte- 
grated circuits— are outgrowths of semi- 
conductor technology. The third— thin 
passive films— was pioneered by both 
passive component makers and cquip- 
ment/svstems manufacturers. Yet thin 
passive films require semiconductor de- 
vices for signal generation and amplifi- 

The three approaches are expected to 
enjoy successes, although of widely dif- 
fering character. Discrete micro com- 
ponents will experience at best a 
modest, brief market largely for the 
weight and size savings they offer over 
conventional avionic components in 
one-of-a-kind space shots and several 
similar applications. Whatever micro 
component market now exists, or comes 
into being in the next few years, will be 
choked off, many industry people be- 
lieve, as integrated circuits mature and 
the industry masters processes needed 
to produce them economically for non- 
digital fields. Thin passive films will 
have a secondary but ever-present niche 
in hybrid combinations with discrete 
components and/or integrated circuits. 


Unlike micro components, whose im- 
pact on the industry is anticipated to 
be negligible, integrated circuits will 
hit the industry hard because of the 
huge potential market that awaits them 
provided they can deliver promised high 
reliability and low cost, because of the 
necessity for close liaison between 
maker and user in their design, be- 
cause of the dislocations their unusual 
nature is destined to cause in both com- 
ponent and equipment businesses, and 
because of the catalytic force they 
are expected to be in speeding amal- 
gamations and failures among avionics 

First indications of changes are ap- 
parent already. Many systems and 
equipment manufacturers that were not 
tempted into the semiconductor busi- 
ness in the days when investment and 
risks were small and the potential eco- 
nomic rewards appeared boundless, arc 
now changing their tack at a time when 
semiconductor component makers are 
experiencing difficulties (see box p. 
57). Avionics systems manuf ' ers, 
such as Autonetics, Litton, Martin, 
Burroughs, Lockheed and National 
Cash Register, arc moving at varying 
speeds and to different depths into 
semiconductor activity. The reasons 
for this, as cited by industry sources, 
are numerous, with one or two more 
influential than others. They are: 

• Escalation of component maker. Sys- 
tems and equipment makers see the 
emergence of integrated circuits as 
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The high mass-ratio solid motor is one of our major interests at Lockheed Propulsion Company. We pio- 
neered the first very high mass-ratio motor with the development of the Vanguard's third stage. Since then 
we've fired motors with mass fractions in the high 0.80s— and we're shooting for 0.95 and up. To get a super- 
light motor shell for the Air Force we're now using a unique filament-winding process. Lockheed Propulsion 
is also involved in a wide range of other solid projects: 120-inch segmented big boosters; relatively small, but 
extremely reliable, off-the-shelf motors for sounding and sleds; hybrid motors for a number of applications that 
call for 0-1 00% control of thrust; advanced propellant research which includes the development and successful 
firing of Polycarbutene R and Nitroplastisol. LOCKHEED PROPULSION COMPANY 

REDLANDS, CALIFORNIA • A SUBSIDIARY OF LOCKHEED AIRCRAFT CORPORATION 



Semiconductor Industry — A Balance Sheet 


Total dollar sales volume of semiconductor diodes, rectifiers 
and transistors failed to increase last year for the first time in 
this young industry's history, despite a sizable increase ill unit 
sales. This reflects the crippling effect of plummeting prices, 
resulting from a combination of factors < AW June 12, p. 73 > 
such as overpopulation, overcapacity and excessive investment 
in the industry. 

The situation is expressed in: 

• I'latcaumg of dollar volume.— Dollar and unit sales volumes, 
respectively, last year were: transistors $299.6 million, down a 
fraction ot 1%. 191 million, up 551%; diodes and rectifiers 
SH5 million, down 32%, 279 million, up 42%; Zener diodes 
$10 million, up 43%. 36 million, up 20%. Total sales, including 
varactor diodes and special assemblies were $490 million, down 
roughly !%. 

• Declining profits. Onlv a few mapir semiconductor device 
organizations, Fairchild Semiconductor and Motorola among 
them, arc reported to have made a profit on their semiconductor 
operations last year. Several smaller companies, uiitablv those 
concentrating in specialized or non-high-volume product lines, 
or those running operations with few frills, also registered 
profits. These include International Rectifier and Continental 
Device Corp. Financial statements of publicly-owned companies 
in this field were gcnerallv unfavorable, in marked contrast to 
earlier rosy years. Estimated anuual semiconductor device sales 
figures for 1961 are: Texas Instruments— $100 million. General 
Electric— $45 million. Radio Corp. of America— $45 million. 
Fairchild— $38 million. Transition— $35 million, Philco— $35 
million. Motorola— S32 million. Pacific Semiconductors— $20 
million, Sylvania— $20 million. Clevitc— S18 million. General 
Instruments— $18 million, Hughes— S17 million, Hoffman— S8 
million. Ravtlicon was well over $20 million, counting the sales 
of its ncw-ly acquired facilities. Relative positions of the top 
10, with the exception of a rise for Fairchild and a drop for 
Transition, remain approximately the same ns in 1960. 

• Transistor prices hitting new lows. Average transistor prices 
fell to new monthly and yearly lows in 1961. following a pat- 
tern of steady price downtrend since 1955, a more precipitous 


falloff m 1961. Yearly transistor price averages were: 

1955— $3.34 1959— S2.74 (increase due to large-scale purchase 

1956— S2.72 of expensive silicon devices) 

1957— S2.44 1960— $2.40 

1958— S2.43 1961— $1.57 

Average monthly transistor prices during 1961. based on Elec- 
tronic Industries Assn, figures, were: January— SI. 88, February— 
$1.94. March— SI. 92, April— S1.82. May-S1.67, Junc-Sl.46. 
July— $1.58. August— $1.47. September— $1.40, October— $1.32. 
No vember— $ 1 . 3 1 , Decern ber— S 1.36. 

• More mergers, acquisitions, changes. Several corporate rela- 
tionships changed, some companies withdrew from the busi- 
ness. Raytheon acquired Transil, CBS Electronics and Rhccm 
semiconductor facilities and C. P. Clare dropped out of the 
transistor business. Philco. w-liich attributed part of its annual 
financial picture to an unfavorable financial situation with its 
Lausdalc (semiconductor, and through mid-year, tube facility) 
operation, was acquired by Ford. International Resistance ac- 
quired North American Electronics. Western Transistor has 
told Aviation Week it is going through reorganization and 
expects to announce new financing late this month. 

• Inventory writedowns. The inventory' writedown became a 
new phenomenon for the semiconductor industry, with publicly 
owned companies like Pacific Semiconductors and Transition 
announcing $3 million and $7 million writedowns respectively, 
due to collapse of prices. 

• Management reorganizations. Many semiconductor organiza- 
tions. Texas Instruments, General Instruments. Transition, 
Pacific Semiconductors and Hoffman among them, underwent 
managerial shakeups, divisional reorganizations. A number 
pulled out product lines, put each on profit and loss basis, and 
appear ready to drop or modify unprofitable lines. 

While it may not be reflected in available sales statistics, a 
more healthy atmosphere is reported by industry members to 
prevail as a result of the more businesslike footing established 
in the industry, the dissolution of large inventories of some 
price cutting devices and organizational changes in the industry. 
But the underlying causes of the industry's difficulties remain. 


an escalation of both the complexity 
of the parts they now buy from com- 
ponent vendors and the role the com- 
ponent maker plays in the end prod- 
uct. What today and in the past has 
been a specified component tomor- 
row will be an integrated circuit (slice 
of single crystal silicon in which the 
equivalents of more than one compo- 
nent are fabricated simultaneously, then 
interconnected to form a circuit), a 
combination of integrated circuit with 
thin film passive components or an- 
other hybrid combination effectively 
amounting to a complete circuit. 
Forced by technology, the component 
maker is moving up, pre-empting part 
of his customers' design and circuit 
responsibilities. 

As the participation of the parts 
maker grows, the value added to an 
end product by the customer falls— a 
situation which some equipment and 
systems people are unwilling to toler- 
ate. Besides, the parts vendor looms, 
in the systems man's eyes as a poten- 
tial competitor. If the vendor fabri- 
cates flip flops, adders and shift regis- 


ters, why not the computer? A story 
is being circulated about an aerospace 
company which discovered that the 
component maker with which it had 
worked in preparing a microelectronic 
computer for proposal to the military, 
was a competitor for the final contract. 
While the story may be apocryphal, 
it is becoming part of industry lore 
and intensifies the system maker's fears. 
• Competitive leverage. While the 
possession of a semiconductor division 
or subsidiary by companies like RCA. 
General Electric, Sylvania, Bendix, 
Raytheon and Sperry' Rand seldom 
gave them an added competitive ad- 
vantage, the increasingly complex na- 
ture of the part that will have to be 
secured, a working knowledge of what 
is and is not possible in integrated 
circuits, are expected to be more de- 
cisive in the future. In the past, an 
internal capacity to make semicon- 
ductor devices meant little so long 
as other suppliers made the same parts. 

Now the systems and equipment 
maker thinks he needs the capability, 
since much of his previous circuit 


design duties are absorbed in it, to 
vie for systems contracts against di- 
rect competitors. Possession of in-house 
semiconductor capability gives the 
equipment man leverage at a time when 
competition for all avionics procurement 

In-house ability may cut unnecessary 
handling and testing duplication and 
thereby tighten costs. Several compa- 
nies with semiconductor divisions al- 
ready find this to be an advantage. They 
have inter-divisional company commit- 
tees preparing joint integrated circuit- 
equipment proposals, ironing out dif- 
ficult interfaces, seeking new business. 
• Hedge against future. A few avionics 
companies are deciding to follow two 
paths-building up internal capability, 

cruiting semiconductor people while 
simultaneously selecting a component 
company with which to work. This dual 
approach is a hedge against the future. 
If it turns out to be more economical to 
work with a vendor in the future they 
can do so and put accumulated internal 
capability to good use as a background 
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IMAGINATIVE ENGINEERING For The Space Era 

More than 20 years ago Cannon originated the crimp-type plug to fulfill 
the growing needs of the aviation industry. Since then, our research 
and development has kept pace with expanding technology, until today 
we provide plugs with crimp snap-in contacts for every application, 
every environment. A full range of crimp tools— hand, semi-automatic, 
automatic— gives you the utmost in flexibility. Whatever your require- 
ments . . .whether standard solder pot versions 
or crimp snap-in contacts— consult your nearest 
Cannon sales office or distributor. For further 
information, write to: 


CANNON 
K. PLUGS 


CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31 , California 
See Cannon a t IRE Booth 2727-2731 


!:> monitor the vendor’s performance 
and investigate new ideas. 

On the other hand, what is a rela- 
tively modest internal effort today could 
be expanded and accelerated to satisfy 
some or all internal needs. This dual 
road is the direction that Litton Indus- 
tries has chosen for itself. The compo- 
nent company with which it is working 
is Fairehild Semiconductor. 

• Military prodding. A few systems out- 
fits arc going into semiconductors in 
the belief, properly founded or not, that 
the military, principal end users of 
microelectronics, may want it that way. 
A small but increasing number of pro- 
posal requests for studies, and in certain 
cases hardware, specify microelectronics 
-at times where the value of its use is 
dubious. Many military agencies view 
microelectronics very favorably, not 
exclusively for valid reasons, in the 
opinion of these equipment suppliers. 
Spokesmen of one agency in particular 
have been among the most ardent advo- 
cates of microelectronics and to ignore 
this, these people believe, and not to 
have a microelectronics capability about 
which to boast in equipment proposals, 
is to risk one’s chances of winning con- 



desire to preserve one’s proprietary in- 
terests in a field that involves close 
vendor-user relations, frank disclosure 
of what may be proprietary information 
and design objectives is of concern to 
systems makers, particularly when so 
many of the likely suppliers are asso- 
ciated as divisions or subsidiaries of ac- 
tual or potential competitors. 

• Supply and demand squeeze. Users 
may be anxious to avoid a repetition of 
what to them was a distasteful seller's 
market which prevailed in the late 
1950s during the ascendency of semi- 
conductor devices, when users had to 
put up with short supplies of quality 
military devices and what in retrospect 
appear to them as excessively high 
prices. Should demand and sales for 
integrated circuits skyrocket in a man- 
ner repetitious of the heydays of dis- 
crete semiconductor components, as 
many predict, the systems and equip- 
ment people want a cushion against 
high prices and also against delivery 

Some Decisions Delayed 

Other systems companies are staying 
on the sidelines, putting off the day 
when they know they will have to make 
a decision. 

Presumably some companies have de- 
cided that the ultimate determinant, 
cost, will favor the supplier and the best 
course is to work with dependable sup- 

Still others believe all determining 
factors are not yet clear and regard the 
timing of a decision as tricky. A prema- 





BARRY MOUNTING SYSTEMS 
PROTECT 

SHIPBOARD EQUIPMENT 

Remote-controlled helicopters, performing tactical missions, add 
long-reach to the “big stick" carried by our fighting ships. 

A shipboard transmitting set, manufactured by Babcock Elec- 
tronics, is the heart of the helicopter remote-control system. Pro- 
tecting this vital equipment from shock and vibration is a compact 
isolation system engineered and manufactured by Barry Controls. 
Utilizing a new low-frequency concept, the mounting system provides 
the 2200 lb. transmitter with maximum protection and exceptional 
stability. 

For a technical analysis of this problem and solution, write for 
Barry Case History EA 1362. 

For the solution to your shock, vibration or noise problem contact 
the specialists: 

One of Barry 
Controls' new 
low-frequency 
mounting 


B AR RYcoinitrols 

1400 FLOWER STREET, GLENDALE, CALIFORNIA 

700 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS 

TECHNICAL COMPETENCE IN A SPECIALIZED HELD 
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lure choice runs a high risk of being 
wrong; a delayed decision may come 
too late to recoup lost ground. 

Two national consulting organiza- 
tions, Arthur D. Little and Stanford 
Research Institute, arc separately solicit- 
ing support from avionics companies for 
joint industry studies to seek answers 
to such questions as the way systems 
companies should go, effects on related 
industries and the dividing line between 
user and supplier, according to indus- 
try reports. The Arthur Little program 
is the more ambitious, seeking about 
seven participants, each willing to pay 
about 555,000. Stanford already has at 


least six sponsors for its 575,000 pro- 
gram which should get under way in the 

Semiconductor companies believe 
they can satisfy users’ needs more eco- 
nomically than can the users them- 
selves. They cite the large investment 
in personnel and equipment needed to 
acquire, maintain and advance semi- 
conductor integrated circuit processes. 

They point to the inability of even 
experienced semiconductor companies 
to master fundamental skills required 
for integrated circuits. Minimum an- 
nual cost of maintaining a large inte- 
grated circuit facility is estimated by the 



The J85 — main engine fuel nozzle 
designed and manufactured for 
General Electric Company by 
Oelavan — has been in use on 
G. E. turbojets since 1 957. 

The key to Delavan's successful re- 
sponse to General Electric's urgent 
need for a better fuel nozzle is 
experience. Experienced men at 
all levels, working with tested and 
advanced design concepts based 


on established standards gained 
through 15 years' experience in gas 
turbine engine fuel nozzle design. 
This same experience assures you 
of high quality fuel nozzles, fast 
prototype fulfillment and the ability 
to manufacture scheduled require- 
ments on time at reasonable prices. 
When you need a special applica- 
tion engine fuel nozzle Delavan 
can help you. 



semiconductor industry at 55 million 
and considerably higher for initial capi- 
tal investment. 

A few systems companies, willing to 
spend the money and able to get and 
keep the right people, may succeed; 
others may be no more successful than 
many outfits were in the semiconductor 
component business, the head of one 
large semiconductor operation specu- 

An analogy between the printed cir- 
cuit business and the impending in- 
tegrated circuit business is frequentlv 
suggested. Many users started their 
own facilities; some dropped out, others 
continued to satisfy a greater or smaller 
portion of their internal needs. This 
tug of vvar ended as a draw (in 1961, 
total printed circuit sales reached 580 
million, 40% supplied internally, 60% 
by independent manufacturers). 

Printed circuit users were able to 
penetrate that business with compara- 
tively low investment and because it 
involved a relatively uncomplicated 
recipe technology. Neither or these 
conditions prevails in integrated cir- 
cuits because of the broad base of semi- 
conductor skills needed. 

A third factor which weighed heavily 
in printed circuit users' decisions, anti 
is likely to be important again in in- 
tegrated circuits, will be the responsiv- 
ncss of the semiconductor maker. If 
the user cannot get what he wants in 
the time he thinks reasonable at a cost 
he cannot better internally, then the 
semiconductor manufacturer may be in 
trouble. 

Difference Cited 

The integrated circuit differs from 
previous new products, even products 
which had large potential markets and 
that met needs which were inadcquatclv 
or not previously satisfied in several re- 
spects. These are: 

• Unconventional product. Integrated 
circuits arc unusual products, requiring 
a broad range of technologies for fab- 
rication to custom requirements. Man- 
ufacturers will be marketing a capa- 
bility and. to a lesser degree, specific 
products. Circuit design is fed into the 
part before it is completed. In time, 
standardized units probably will get 
greater reception, at least in volume 
areas, but initially the integrated circuit 
is largely a custom product. 

• Larger potential market. Market for 
integrated circuits is potentially huge 
because of their ultimate low costs and 
high reliability. Integrated circuit de- 
vices are made by techniques identical 
to those required for high reliability' 
transistors and diodes, and reap the 
benefits of constantly improving pro- 
duction yields achieved on diode and 
transistor lines. Many devices can be 
made simultaneouslv in the small sili- 
con dice, with deposited conductors 
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From the time that the new YS-11 was first placed on the drawing board, 
it was decided that emphasis would be placed upon several important fea- 
tures which were missing in similar type airliners. Best economy for short 
haul operations, with greater payloads and shorter take-off requirements, 
are combined with the highest standards of safety and performance under all 
climatic conditions. Added to these, the excellence of the new Rolls-Royce 
Dart R.Da- 10/1 turboprop engines insures top performance. The new YS-11 
is now ready to prove all of these points in operation. Production models 
will be placed on domestic service lines in Japan during the summer of 1963. 
Write for further information to; 


Highest profitability over stage lengths of 
300 to 600 n.m. 

Accommodation for 60 passengers. 

Runway requirements of less than 4,000 ft, 
Pressurized and Air-conditioned cabin. 
Fail-safe and fatigue-free construction. 

Quick turn-around and easy maintenance. 
Superior performance in tropical conditions. 


NIHON AEROPLANE MANUFACTURING CO., LTD. 
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Check your needs 
with Monsanto's 
FLUIDESIGN service: 

1. More job-proven functional 
fluids than any other manu- 
facturer in the world 

2. Design - oriented fluids 
know-how to help you devel- 
op safer, more compact, and 
more reliable equipment 

3. Years-ahead research on 
new types of fluids 

4. Sophisticated field appli- 
cation experience with fluids 


Be sure to get your fact -packed 
FluiDesign file. Write on your 
letterhead to: 


HOLOCAUST! 




Monsanto Chemical Company 
Organic Chemicals Division 
FluiDesign Service Dept. 202-K 


St. Louis 66. Missouri 


A missile site disaster that fire-resistant fluids from Monsanto can stop before it starts 

Flame, red-hot surfaces, electrical discharge sparks bespeckle missile launching sites. An electrical short 
can burn through a fluid line to ignite a ffammable hydraulic fluid! A flammable transformer oil spewing 
from a ruptured power transformer can contact an electrical arc to burst into flame! A flammable hydraulic 
fluid under high pressure in a lift or elevator can feed, intensify, explode a small fire into a conflagration! 
Avoid the risk of such "accidents." Such fire hazards can be prevented before they start. Monsanto offers a 
wide spectrum (over 15) of fire-resistant dielectrics, hydraulic fluids, lubricants ... for design into trans- 
formers, loaders, elevators, compressors, or electrical generating systems. 


SKYDROL® FLUIDS — the aviation indus- 
try's "standard" fire-resistant hydraulic fluids. In 
service for over 30 million flying hours without 
one report of fire. Suitable for elevators, missile 
launchers and other high-pressure hydraulic uses. 


AROCLOR® (ASKAREL) fluids make com- 
pact, efficient transformers safe from fire and 
secondary explosion hazards. These dielectrics 
have served electrical utilities for over 30 years 
to make firesafe electrical distribution systems. 


PYDRAUL® AC — gives you a noncombusti- 
ble air compressor lubricant that eliminates 
explosive flash fires in large reciprocating air 
compressors. Noncorrosive and nonclogging, too. 



DEFENSE CONTRACT 
AWARDS 

First Fiscal Quarter 
Summary-1962 

Now available free from 
AVIATION WEEK AND 
SPACE TECHNOLOGY are 
summary reports of de- 
fense contract dollar awards 
covering the first fiscal 
quarter of 1962. These re- 
ports show defense dol- 
lars awarded in 168 prod- 
uct/system categories as 
compiled by Frost&Sullivan, 
Inc. Information is also avail- 
able on the fourth fiscal 
quarter of 1961. 

Reports are available on an 
individual request basis in the 
following system areas: 

Data Processing 
Navigation 

Meteorological Systems & 
Components 

Vehicles, Ordnance, Vessels 
Services 

Electronic Warfare 
Communications 
Missiles & Space 
Aircraft 
Basic Research 
Miscellaneous Components & 
Sub-Assemblies 

Contact your AVIATION WEEK 
AND SPACE TECHNOLOGY 
District Manager or write to: 

AVIATION WEEK AND SPACE 
TECHNOLOGY 
RESEARCH DEPARTMENT 
330 West 42nd Street, 

New York 36, N. Y. 

:<UJ):A McGraw-Hill Publication 


eliminating normal potentially trouble 
causing wired interconnections among 
elements. 

• Long life cycle. In integrated circuits 
the time lapse from initial investment 
to financial reward is enormous. Many 
technologies and processes need to be 
known. Others will become apparent 
in time. All will require development 
and nourishment as prerequisites for 
doing a successful job. There are no 
shortcuts for a complete job; the mas- 
ten- of one or two technologies— enough 
for a company to be a leading compet- 
itor in many avionic component busi- 
nesses— is not enough now. 

• End of isolation. A manufacturer 
can no longer be divorced from his 
customer, concerning himself only with 
meeting device specifications. Inte- 
grated circuits must be developed as a 
function of particular applications with 
varied device packaging to meet indi- 
vidual needs, circuit designs jointly 
modified by customer and maker to- 
gether and fed directly into the fab- 
ricating process. The maker thus be- 
comes a high-class custom house. 

• Greater product efficiency. Integrated 
circuits will reduce steps in fabricating 
the end products into which they go 
and increase product efficiency. 

• Broaden manufacturer’s role. Just as 
there is an escalation of the semicon- 
ductor component maker’s role into the 
system and equipment manufacturer’s 
preserve, so too does the integrated 
circuit constitute an intrusion into the 
domain of the passive component 
manufacturer. The integrated circuit 
maker can and must be able to fabricate 
all conventional circuit components in 
the integrated system. He can make 
resistors from bulk resistivity of the 
semiconductor, as diffused resistivity 
regions or from epitaxially grown layers; 
capacitors as back-biased junctions. 
When precise values are needed or 
temperature dependence of semicon- 
ductors cannot be tolerated, thin pas- 
sive films will form passive components. 
Inductive elements may be realized, as 
Motorola is doing, from metal spirals. 
In an unsurprising twist, semiconductor 
people have taken passive thin film 
evaporation to their hearts as an addi- 
tional tool in integrated circuit fab- 
rication. 

Passive Components 

Whether passive components are 
realized in silicon or with metal or 
metal oxide films, they will be fabri- 
cated on the same semiconductor pro- 
duction line, or adjacent to it, with or 
on the integrated circuit. Hence, every 
semiconductor facility which fabricates 
integrated circuits is making passive 
components where previously only a 
handful of organizations with semicon- 
ductor capability (such as Texas Instru- 
ments, General Instruments, TRW and 


General Electric) made passive compo- 
nents. 

This tendency will place a ceiling on 
the rate of growth of the market for 
conventional passive components, per- 
haps actually bite into that market. 
Recognizing this, some passive com- 
ponent companies are trying to spread 
their own base into semiconductors, 
somewhat as Sprague, International Re- 
sistance and Erie have done. Others 
are scouring the country trying to de- 
cide what to do; a few are shopping to 
sell their companies to larger firms. 

Similarly, integrated circuits pose a 
threat to conventional transistor and 
diode market growth, especially the 
computer market. They will compete 
with discrete components for new mar- 
kets and areas of growth, though leav- 
ing high power devices, rectifiers and 
other lines alone. Most of the larger 
semiconductor component manufactur- 
ers which compete in volume areas in 
which integrated circuits are expected 
to grow are also pushing their own in- 
tegrated circuit efforts. 

Estimates of the size of the micro- 
electronics market are subject to gross 
errors for the next couple of years be- 
cause this market will be in contention 
temporarily among various high-density 
component packaging approaches, in- 
cluding the welded module approach 
now extensively employed in major 
weapons systems like Polaris and Titan. 
In addition, the market may not ma- 
terialize rationally. New unforeseen 
markets can be created and many de- 
cisive factors are the subject of what 
at this point is largely guesswork. 

Choice of Techniques 

The decision to use one technique 
or another in a major weapon system, 
in which large quantities of avionic 
components mav be used in a guidance/ 
control system, will have important 
bearing on the future of microelec- 
tronics. Such a decision may be based 
partially on factors other than the rela- 
tive merits of competing microelec- 
tronic approaches. Considerations like 
availability of parts, number, reliability 
and quality of sources, confidence in 
source to produce on schedule and 
within cost estimates may all weigh 
heavily in the final choice. 

Autonetics and the Air Force may go 
microelectronic in the longer-range, 
growth version of Minuteman, perhaps 
employing integrated circuits in highly 
repetitive logic sections of the guidance 
computer, discrete micro components 
in platform electronics. If this happens, 
the pace and direction of microelec- 
tronics could change overnight. 

The likelihood of integrated circuit 
costs eventually dropping below what it 
might cost to fabricate an equivalent 
circuit is commonly accepted but there 
is no consensus about what these costs 


are or will be, and what is included in 
the cost estimates. The integrated cir- 
cuit maker may not know integrated 
circuit costs until he is in volume pro- 
duction. And too few equipment com- 
panies know precisely what it costs to 
fabricate a circuit, check it out, debug 
it, etc. Thus, comparisons are difficult. 
It may not be possible to say authori- 
tatively that a given integrated circuit 
is cheaper than a desired equivalent cir- 
cuit until the difference between the 
two becomes gross. The interesting 
cost curves, produced by companies an- 
nouncing their own approach to micro- 
electronics (integrated circuits and 
other techniques) often differ in their 
estimates of the cost of what is to be 
replaced by an order of magnitude. 

Feasibility Equipment 

Meanwhile, dozens of demonstration 
and feasibility equipments which use 
integrated circuits, micro components, 
thin films or combinations of these arc 
being built throughout the country, 
a number under government contract. 
Tvpical, perhaps, is a unit designed for 
the Samos photo reconnaissance satel- 
lite system which will employ thin film 
circuits with discrete uncased semi- 
conductor components in one section, 
integrated circuits in another section 
and welded modules in another. An 
integrated circuit digital guidance com- 
puter is being fabricated to meet antici- 
pated specifications for the stellar iner- 
tial guidance system of mobile medium 
range ballistic missile (MMRBM). At 
Navv request, the possible use of inte- 
grated circuits in a navigational compu- 
ter for two types of naval aircraft is un- 
der evaluation. International Business 
Machines, one of the largest potential 
users of microelectronics in its commer- 
cial as well as military navigational com- 
puters, and a systems organization with 
a large internal non-commercial com- 
ponent department, is building a full- 
sized computer with micro components 
mounted on circuit cards for evaluation. 

Other equipment, such as telemetry 
transmitters, navigational receivers, etc., 
are also being assembled with these 
techniques. With the construction of 
this equipment, the unknown effects 
of noise, cross coupling and problems of 
interconnection will be determined and 
steps can be taken to overcome them 
and make operational equipment pos- 
sible. 

Discrete micro components are ex- 
pected to be strong contenders for 
equipment retrofit business in which 
equipment capacity is enlarged by re- 
ducing size of the original avionics and 
for premium applications where space/ 
weight are important, cost secondary. 
Failure of the micro component market 
to develop earlier, as the industry had 
expected (AW Mar. 13, 1961, p. 239), 
is attributed to a number of things 
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Accurate enough to help make a landing on the moon 


BENDIX THRUST VECTOR CONTROL SYSTEM 


In steering outer space missiles and spacecraft, 
the slightest error can mean the difference 
between reaching the target— or missing it 
completely. Bendix is now researching and 
testing thrust vector controls to steer missiles 
and spacecraft to their destinations. 

One development being tested for a classified 
missile is secondary injection. Here, liquid or 
gas injection deflects the exhaust, providing 


simple, accurate thrust vectoring without mov- 
ing the exhaust nozzle. 


A second development is movable nozzles, 
where a pressure-tight flexible seal permits 
nozzle movement, changing direction of thrust, 
allowing course correction. We invite inquiries 
from qualified contractors. Write Bendix 
Products Aerospace Division, South Bend, 
Indiana, Attention: Rocket Equipment Sales. 


Bendix Products Aerospace Division 


ranging from the simple absence of a 
crucial need to the reluctance of po- 
tential users to accept an approach 
with inadequate packaging scheme and 
one which does not reduce the number 
of potential trouble making intercon- 
nections. Micro components within 
potted modules are being sold (despite 
the fact that they arc micro com- 
ponents). reflecting a desire for com- 
pactness without interconnection head- 
aches. Whatever the reasons for the 
failure of micro components to take 
hold, the longer the delay, the larger 
the portion of the market likely to be 
seized by the newer concept of inte- 
grated circuits. 

The high volume computer market, 
particularly logic sections with their 
large numbers of repetitive circuits 
which can be made inexpensively in 
quantity, is conceded generally to inte- 
grated circuits. These can and are be- 
ing fabricated on conventional transis- 
tor production lines. While sizable, 
this digital market may only be a por- 
tion of the available market. 

'Middle Market' 

A large "middle-market”— covering 
linear circuitry, servo amplifiers and 
communications circuits-where the 
need is for smaller quantities of large 
numbers of different circuit types may 
be a competitive battleground between 
integrated circuits and discrete compo- 
nents. Of many companies initially at- 
tracted into integrated circuits for the 
financially rewarding digital market, a 
growing number are now investigating 
the linear area and seeking flexible pro- 
duction techniques .which would enable 
them to make small quantities economi- 
cally. Motorola’s broad program, heav- 
ily supported by the Air Force, is prob- 
ing this area (AW Jan. S, p. 85), Texas 
Instruments is developing a PCM 
telemetry encoder for USAF (AW Nov. 
6. p. 85) and the Army Signal Corps is 
conducting an industry competition for 

A wedding of integrated circuits and 
thin films may prove advantageous in 
linear circuitry'. In digital circuits, the 
loose tolerances of semiconductor re- 
sistors are permissible; more precise 
values needed in linear circuitry can be 
realized with tantalum or nichrome 
films. The possibility of fabricating by 
compatible processes a layer cake struc- 
ture. integrated circuit with passive films 
on top, on a single production line 
(AW Jan. 8, p. 85) is promising and 
could be the key to economical produc- 
tion of integrated circuits. An end result 
might be a production line on which 
all integrated circuits are fabricated and 
from which any type of circuit might 
emerge through the selective use of 
process steps and proper photographic 
masking techniques. 

In the interim period, while inte- 


grated circuits and processes are being 
developed to the point where circuit 
electrical performance and reliability can 
match those of individual components, 
integrated circuit companies are push- 
ing combinations of approaches, hy- 
brids, etc. Texas Instruments is offer- 
ing prospective customers choices 
among discrete micro diodes, silicon 
integrated circuits, hybrid integrated 
circuit with thin film resistors and 
capacitors, and a tantalum thin film 
system. Different packages running the 
gamut from multi-lead conventional 
header sizes (like TO- 5) to round and 
square packages are available. Raytheon 
customers are offered a family of ring- 
shaped semiconductor components, with 
taps on resistor rings for tailoring to 
closer tolerances, to be dropped into 
ceramic printed circuits. Fairchild’s 
family of standard integrated circuits in 
10-lead TO- 5 cans have found favor 
among a number of the systems com- 
panies that were questioned bv Avia- 
tion Week. 

Semiconductor manufacturers and 
others seeking to be successful in inte- 
grated circuits will need unusual talents, 
resources and capabilities, according to 
those active in or close to the field. The 
total factors cited are: 

• Technical versatility. All the modem 
techniques of semiconductor technology 
—epitaxial growth of semiconductor 
films, mastery of the planar structure, 
surface passivation and materials prepa- 
ration among them— will be the starting 

E ioints of integrated circuits. The manu- 
acturcr will have to do everything; make 
the equivalents of active and passive 
components, participate in circuit de- 
sign, ensure interconnection and isola- 
tion and work out package design and 
fabrication. 

• Heavy R&D investment. Companies 



Radiation-Proof Tubes 

triadc for use iu flip-flop circuits and a di- 
ode. Both arc designed for operation at 
high temperature eliminating need for 
heater element. Manufacturer: General Elec- 
tric, Receiving Tube Dept.. Owensboro, Ky. 


will need a foothold in applied research 
areas to keep abreast of unfolding tech- 
nologies. Semiconductor makers have 
as much as half or more of their R&D 
efforts oriented toward integrated cir- 

• Custom capability. The integrated 
circuit maker will need to maintain 
close liaison with his customer, sens- 
ing and responding to equipment re- 
quirements, honoring proprietary inter- 
ests, contributing to circuit design on 
the basis of what is and is not realizable 
in semiconductor technology. The cus- 
tom nature of the business is reflected 
in marketing plans of companies like 
Fairchild and Motorola. They intend 
to give customers a chance to bread- 
board circuits with discrete components 
made by integrated circuit processes 
(semiconductor resistors, capacitors, di- 
odes, etc.), then attempt to duplicate 
the circuit as a single substrate inte- 
grated circuit. Tlic peculiar paradox of 
integrated circuits is that while there is 
at best only a small market today, manu- 
facturers are trying to secure their future 
now by seeking potential customers, 
working out with them circuit organiza- 
tion, packages, etc. and cementing close 
custom-type relations which will have 
to prevail when the field blossoms. 

• Capable design group. Circuit design 
oriented engineers will be an important 
ingredient in integrated circuit manu- 
facture. Semiconductor companies 
which are part of large equipment or- 
ganizations may have an advantage here 
provided the organizational structure is 
not so umvieldlv as to block free input 
of circuit and equipment design infor- 
mation. 

• Fast response. Ability to produce spe- 
cial circuits within allotted times. 

• Large custom market. Sufficiently 
large custom market to satisfy custom 
requirements at reasonable expense. 

• Efficient marketing, management and 
cost controls. Efficient, effective sales 
force and sales procedures, cost controls, 
perceptive and capable management- 
familiar ingredients of success in any 
business, but largely ignored in the 
early days of the semiconductor indus- 
try, will be essential, as the semicon- 
ductor component industry has learned 
in the past year. 

• Mechanization. Companies which 
achieve degrees of automated produc- 
tion, especially for larger quantity digi- 
tal lines, may have decided advantage 
in cutting costs. 

Since integrated circuits will consti- 
tute the next major phase in semi- 
conductor business, their effect on the 
deterioration in that business is of con- 
cern to customers and makers alike. 
New r devices will be growing out of 
an industry already overchoked with 
competition, excessive investment and 
productivity, weak from too rapid ex- 
pansion, and only now showing signs 
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SPERRY FIELD ENGINEERING 


Field engineering is a Sperry tradition. 
Our experience in supporting technical 
systems of every complexion began a 
half-century ago. Today Sperry has the 
field engineering responsibility for the 
giant FPS-35 Radar of USAF's Air 
Defense Command . . . for submarine 
navigation in Navy's Polaris missile 
program, and for the Terrier and Talos 
missile radar guidance systems also for 
Navy ... for the Army's Sergeant mis- 
sile system ... for the Tracking and 
Discrimination Radar transmitters of 
the Nike Zeus missile complex ... for 


the AMR program to convert two 
troopships into Mobile Atlantic Range 
Stations under sponsorship of the Mis- 
sile Test Center of the Air Force Sys- 
tems Command . . . and other similar 
programs. 

Not only is high level technical abil- 
ity demanded by projects of such scope, 
but so are the greatest possible breadth 
of specific experience— flexibility to 
adapt to the situation — and in-depth 
staffing for maximum mobility. 

In support of these, Sperry provides 
more than a thousand field engineering 


bulletins a year, in a continuous tech- 
nical updating program that informs 
company and field personnel on the 
latest operating and maintenance prob- 
lems and procedures, as well as on prod- 
uct modifications and improvements. 

Why not consult Sperry on your field 
engineering needs? Put the responsi- 
bility where the proven capability is. 
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of being put on a sound business basis. 
Will the integrated circuit growth pat- 
tern be a repetition of the indigcstaole 
growth of the semiconductor industry 
and how, in turn, will this influence 
the semiconductor component busi- 
ness? 

Reactions of industry people are 
mixed. In general, they believe the 
factors needed to be successful in inte- 
grated circuits will favor those already 
successful in the component business. 
The broad capabilities needed in in- 
tegrated circuits, they say, will acceler- 
ate failures in the semiconductor com- 
ponent business, cut into its market 
and force companies to dispose of 
facilities or accept the role of a small 
supplier. 

!■ actors mentioned most frequently 

• Big guys there first. Unlike the early 
years of the transistor/diode business, 
when everyone was getting started in 
the same period, or was starting with 
a new technology others ignored or 
only he had, the semiconductor indus- 
try at this stage is populated by several 
large, capable companies having a range 
of skills needed for integrated circuits. 
Their managements have an awareness 
of the need for R&D and of how to 
get a device out of the door. They 
may not be so vulnerable to new com- 
petitors. New techniques will be un- 
covered. and groups of engineers will 
still leave a parent company and set 
out to exploit these techniques, but 
to go the whole integrated circuit route, 
they will first have to marshal sizable 
financing (perhaps six times what was 
necessary four years ago in the semi- 
conductor field) to catch up with com- 
petitors. 

• Investment discouraging. New groups 
wanting to start in this business will 
have to be prepared to subsidize R&D 
facilities on which there may be no 
return for several years. 

• Wiser customers. Customers have 
had a taste of the scramble of this 
industry during its early years and will 
be seeking proven experience on cost: 
they know what they want and what 
to look for-more so today at least 
than in the past— and weaker companies 
and newer companies will have to prove 
their mettle, on pain of seeing more 
customers stepping up internal semi- 
conductor capability. 

• Different product. The product now 
is a custom item, made for particular 
applications in most cases, and cus- 
tomers are not apt to discontinue close 
collaboration with one vendor which is 
doing a good job to get an advantage 
of a few pennies with another. Custom 
work does not lend itself as readily to 
price cutting. 

• Better investment judgment. Finan- 
cial community, often enamored of 
semiconductor investments and new 


issues in the past, is far wiser today 
from its semiconductor component ex- 
perience. While money is still avail- 
able from even the larger financial 
houses today for new semiconductor 
companies, it is a lot better and more 
tightly programed. Financing is gen- 
erally let in carefully regulated pre-tax 
dollar steps-and if recipients don’t 
reach scheduled plateaus on successive 
doles— they can expect the honeymoon 
to end abruptly. New companies with 
announced intentions of going into the 
integrated circuits business are spring- 
ing up. But with the battalions of 
displaced semiconductor engineers and 
scientists reported to be roaming 
through financial houses nowadavs, it 
is surprising that the number of new 
companies is not greater. 

Industry Viewpoints 

A few industry executives feel the 
semiconductor lessons were not ab- 
sorbed deeply enough. They speculate 
that integrated circuits may provide 
a new field of investment, a new 
method of escape for the very people 
whose hands were burned in the semi- 
conductor component business. They 
expect a new train of companies to 
pass through the semiconductor busi- 

The odds most industry people prob- 
ably would be willing to give are 
against the rise of new major semi- 


unlcss they are part of larger systems 
and equipment manufacturing concerns 
which want the capability and can af- 
ford to subsidize it. The Transistron 
and Fairchild overnight successes are 
not expected to be repeated. 

Some semiconductor component 
companies may improve their positions 
with respect to competitors through 
improving management, clever market- 
ing. technical advances or technical and 
financial backing of parent companies. 
Yet the technologies of integrated cir- 
cuits are the same or an outgrowth 
of the semiconductor component in- 
dustry and the transition from indi- 
vidual components to integrated cir- 
cuits is not expected to see relative 
positions of companies turned topsy 
turvy. A few leading companies in the 
semiconductor component industry at 
this stage appear in the forefront of in- 
tegrated circuit activity. 

The new company, willing to be a 
little outfit, or specialty house, satisfy- 
ing the market neglected by the big 
fellows for reasons of economy, over- 
sight or inability', is still expected to 
have a good chance. The semiconduc- 
tor industry abounds with such com- 
panies, many doing quite well. 

Industry officials expect a number of 
technical, financial and marketing de- 
velopments with the adoption of inte- 
grated circuits. These include: 


• Continued amalgamations. Process of 
mergers and acquisitions will continue, 
perhaps be accelerated, in the integrated 
circuit era. Among semiconductor com- 
panies, most heavily hit will be the 
middle and larger sized outfits, with 
heavy capital investment and compo- 
nent product lines squeezed by digital 
integrated circuits. To compete effec- 
tively, these companies will have to go 
into integrated circuits where the risks 
and costs of gaining a commanding 
position in any phase of the market are 
greater— and this at a time when every- 
one has cut costs to the bone. Other- 
wise they’ll be left to compete for at 
best a static, and more likely a shrink- 
ing market and watch their production 
capability go partly unused. A few may 
succeed in selling part of their facilities, 
reverting to the role of a small specialty 

f roduccr. Others may be swamped, 
assive component people will feel the 

• Technical progress. Series of techni- 
cal developments, now in the early 
stages, will probably arrive for practical 
use too late to stem the growth of 
integrated circuits. Many of these will 
conveniently phase in with integrated 
circuits. A few developments include 
metal interface amplifiers— under inten- 
sive study by Philco, RCA. Lear, Elec- 
tro-Optical and Diamond Ordnance 
Fuze Laboratories— and controlled thin 
film single crystal deposition on foreign 
substrates, being investigated by a num- 
ber of companies including Lear, Mo- 
torola and Bell Laboratories. Single 
crystal semiconductor films on foreign 
substrates are the subject of a sudden 
burst of military' research interest with 
a series of programs being launched by 
USAF’s Aeronautical Systems Division 
and the Army Signal Corps. Signifi- 
cance of this development lies in the 
ability to obtain an added degree of 
flexibility in integrated circuit sub- 
strates, better electrical properties for 
passive films and higher thin film ca- 
pacitance values. 

• Fight for middle market. Struggle for 
middle market— linear circuitry— will 
probably be won eventually by inte- 
grated circuits because of the weight 
of R&D money that will go into finding 
flexible production processes capable of 
turning out small runs of varied circuits 
as well as the probable margin of better 
reliability and low cost compared with 
discrete micro components. 

• Standardization. Friction may arise 
between systems users and suppliers 
over the possible desire of the maker 
to settle on standard items, to reduce 
his costs, and inability of wide num- 
bers of user companies to agree on ac- 
cepted circuits, circuit organization, 
etc. Many users have preferred, pro- 
prietary circuits that they don’t want 
being sold as standard items. And 
others are not willing to accept what 
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THE SKEPTICAL MEN 

“...habits,” wrote John Dryden, "gather by unseen degrees,— 

As brooks make rivers, rivers run to seas." 

All men are susceptible to the accumulation of habits. It's a natural part of our lives 
to do things with a certain repetition. 

But in industry, accepted ways of doing things, based merely on repetition, can 
prove expensive. 

Because of the complexity of projects carried out by the aerospace industry, it 
has been looking with increased skepticism on accepted methods of doing things. As 
a result there have arisen whole new approaches within management— approaches 
fulfilled by men in value analysis, quality control, product reliability. 

These men, working together, and working closely with engineers and purchasing 
agents, help cut needless expense while maintaining and increasing high levels of 
reliability. 

Some of the questions they ask are: “What is the item?” "What is the function?" 



"What does it cost?" "What else would do?” “What would that cost?” 

Questions such as these may sometimes make their work difficult in the area of 
human relations, but as the scope of the work is better understood these problems 
decrease. For this new approach is more than just mere cost consciousness. It is a 
highly creative method that allows management to overcome roadblocks of pre-con- 
ceived ideas. 

Analysis of function is now spreading to every level of production— from top 
management to the design engineer to the purchasing agent to the man on the line. 

This is one of the ways the aerospace industry is helping America get the most 
for its defense and space money. It has already paid off in millions of dollars saved. 

This is the work of men who are not willing to accept the accepted. 

This is the work of the skeptical men. 

North American Aviation is at work in the fields of the future through these six divisions: Atomics 
International, Autonetics, Columbus, Los Angeles, Rocketdyne, Space & Information Systems 




OUT FRONT 


The P-200 platform. Heart of the LN-3 Inertial Navigation System. Providing pin-point guidance to hundreds of 
friendly fighter pilots from Free-World nations. Self-contained. Non-jammable. Precision-crafted for extreme ac- 
curacy and reliability — development of Litton's Guidance and Control Systems Division for the Lockheed F-104 
Starfighter. At the vanguard of the defense effort— advancing the defense posture of the Free World. 

Engineers who can implement Newtonian principles of inertia as ingeniously as has been done in the P-200 platform 
will find ability- matching opportunities at Litton. An Equal Opportunity Employer. Send resume to Department 01. 


A further advancement in Litton preci- 
sion guidance and control equipment — IwwHp 
the P-300 miniaturized inertial platform 
for missiles, orbital vehicles, space craft. 



LITTON SYSTEMS, INC. 

BEVERLY HILLS, CALIFORNIA 

A DIVISION OF LITTON INDUSTRIES 

■ Computers • Electronic Countermeeloro* • Space Science 


arc being offered as standard elements. 

• Teaming. Efforts of several com- 
panies. each possessing part of the tech- 
nological skills needed in integrated 
circuits, to team up in a fashion short 
of an organic union are not expected 
to work because of the absence of some- 
one to make the final decisions. 

• Automated production. This will help 

• Higher speeds, higher frequencies. 
Higher speed devices and transistors 
capable of producing appreciable gain 
at the high end of X-band arc in the 
works today and these could both boost 
discrete component market and broaden 
the future for integrated circuits. 
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► FAA Orders New Type Doppler 
VOR— Hazeltine Corporation will de- 
velop a double sideband type of Dop- 
pler omnirange station for the Federal 
Aviation Agency. The Doppler VOR 
stations which FAA has installed at 
several locations to reduce errors re- 
sulting from nearby obstructions pro- 
sides only a single sideband signal in- 
stead of the double sideband signal of 
the conventional (non-Doppler) VOR 


► Laser Proposals Due— Proposals for 
two separate infrared optical maser 
programs are due today at Army Corps 
of Engineers Center, Ft. Belvoir, Va. 
The two 580,000 programs will be for 
basic and applied IR maser research. 

► Satellite Target Seeker— Small, reli- 
able target seeker for Air Force's 
Inspector (formerly called Saint) satel- 
lite intercept program is being sought 
in Space Systems Division competition. 
Seeker will take the place of an off-the- 
shelf item, designed for the Bomarc 
surface-to-air interceptor missile by 
Wcstinghouse. originally for Inspector. 

► Micro Module Production— Signal 
Corps will award contracts soon for 
production of Army-RCA micro mod- 
ules to P. R. Mallorv and Paktron Di- 
vision of Illinois Tool, 

►TFX Radar To Be K„ Band-New 
experimental tactical fighter (TFX) is 
latest of a series of advanced anned 
service aerospace vehicles for which the 
avionic equipment is being specified 
at K„ band for several reasons including 
all-weather capability. In this case. 
TFX radar mil operate at K„ band. 
The Dyna-Soar communications may 
also go K„ band (13.5 gc.) because of 
the ability of these wavelengths to pene- 
trate ionized sheath that surrounds re- 
entry vehicles (AW Oct. 23 p. 19). 



Nothing, really. Telemetry mutiplexing devices are pretty much Old Hat at 
Rantec. Rantec engineer William Harrison began research and'development 
in multiplexing devices back in 1956. Rantec multiplexers— available in two. 
three, four, five and six channels— are essentially band pass filter sections, 
coupled to a common antenna terminal. Each section is made up of one 
to five high-Q cavities tuned to a customer-specified telemetry frequency. 
Inherent design flexibility permits tailored specifications of band separa- 
tion and isolation. Rantec, in years of development work, has succeeded 
not only in producing multiplexers per se, but in developing units for 
specific purposes. In ground environments and short time missile flights, 
for instance, only standard hermetic sealing is necessary. In the case of 
orbiting satellites, however, the units must maintain a certain minimum 
pressure while orbiting for one year or more. The "use" list goes on and 
on— the five-channel unit (illustrated) for Project Centaur plus multi-chan- 
nel airborne units for Polaris. Discoverer. Titan, Atlas, Nike Zeus, Nike Ajax 
and (pause for breath) others. Rantec currently has over 100 standard 
models available in the 200-300 Me telemetry band and over 25 models 
in the new 1700-2400 Me band. Wonder what Harrison and Team have 
on the fire for tomorrow? 
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HIGH CLAMP-UP 
MEETS MACH 2 
STRUCTURE NEEDS 

Faster the speed, more varied the mission . . . the 
more critical are the structural requirements. 
Such is the Navy's newest all-weather, nuclear 
weapons carrying aircraft... the carrier-based A3J 
Vigilante. 

Because of their excellent residual preload char- 
acteristics. Hi-Loks were selected for use through- 
out the A3J primary structure. The unique Hi-Lok 
torque-off feature produces a high, uniform clamp- 
up of high tensile sheet materials in all grip condi- 
tions. The installation method is smooth and quiet. 





Inexpensive, lightweight, Hi-Lok tooling reduces 
worker fatigue and avoids the need for heavy 
squeezers or bulky pull-type equipment and their 
limitations in close quarters. In open areas, Hi- 
Loks can be installed at speeds up to 45 per 
minute. 

Write or contact us for Hi-Lok technical and 
specification data. 


li-sL 


f i-snear 



Minuteman Silo Loading, 
Test Launches Shown 

Transporter-erector for the USAF Minuteman solid propellant 
ICBM is raised by hydraulic jacks as emplacement of an inert 
missile in a silo begins at Vandenberg AFB, Calif, (below). 
Adapter fitting and missile skirt emerge from fully erected 
transporter (right). Four cables, attached to the adapter 
ring, run the length of the container where they are attached 
to a winch which lowers the missile. Harnesses which secure 
the missile during road travel ore released and the missile is 
supported on three saddles and longitudinally bv the cable 
system for the emplacement operation. Strongback for sup- 
porting and lowering the missile by a toothcd-rail and gear 
system was dropped when the railroad-carried mobile Minute- 
man program was canceled. Members of SAC's 394th Missile 
Squadron, under direction of the 6595th Aerospace Test 
Wing, carried out the emplacement. Cessna Aircraft is con- 
tainer contractor; General Motors is vehicle contractor. 










First it was the C-130 A Hercules, back in 1956. This 
was the first true airlifter— a new concept that would grow 
more useful as time passed. This concept involves four 
fundamental airlift design requirements: 1) truck-bed 
height floor; 2) straight-in rear loading; 3) ability to para- 
drop bulldozer-size equipment; 4) ability to operate from 
relatively short, rough runways. 

A variety of improvements and versions followed the 
“A”: the C-130 B, C, BL, D; the GC-130, SC-130, 


RC-130, JC-130, GV-1, GV-1U; and special versions 
for the air forces of many free world nations. 

Today at Lockheed-Georgia it is the C-130E— the Air 
Force’s new long-range version that can carry huge loads 
of troops and cargo over vast distances nonstop. 

Tomorrow the C-130 family will be joined by the 550- 
mph 85,000-pound payload C-141 turbofan airlifter— 
the first transport airplane designed to meet both military 
and civil requirements. The C-141 flies next year. 


LOCKHEED 
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ASSEMBLY IN EARTH ORBIT of an Apollo spacecraft and a lunar propulsion stage could be accomplished by an aircraft-type probc-and- 
droguc system. After lock-on motor-driven mount at base of drogue boom would move down track, pulling the spacecraft to the stage. 


Marshall Intensifies Rendezvous Studies 


By George Alexander 

Huntsville, Ala.— National Aeronau- 
tics and Space Administration's Mar- 
shall Space Plight Center is rapidly 
evolving the specific details of a broad 
concept of space operations called 
Orbital Launch Operations, or OLO 
(AW Nov. 20, p. 32). Conceived as 
a flexible base of methods and equip- 
ment that would grow with the expan- 
sion of U.S. space exploration, OLO 
now is being geared to support the lunar 
landing mission of the Apollo program. 

Future Projects Office Director Her- 
man Koelle, who along with his staff at 
Marshall is responsible for OLO devel- 
opment, secs the lunar landing mission 
as a major milestone in the exploration 
of space and not as an end in itself. 
Follow-Up Vital 

Koelle and his assistants, Harry 
Ruppc and James Carter, believe no 
purpose is served if the lunar landing 
mission is undertaken only to score a 
national "first" and to prove that the 
flight is possible. Follow-up is at least 
of equal importance, they say, citing 
what may be termed the Columbus 


theory— although Spain was the first 
major European power to explore Amer- 
ica. Spanish is not the language of the 
U.S. today. 

To lay a broad base for the con- 
stantly expanding U. S. space effort and 
to offer a range of operating methods 
for the earliest and most economical 
achievement of the lunar landing mis- 
sion, Marshall is exploring these tcch- 

• Retrieval and assembly, by means of 
earth orbit rendezvous, of a manned 
spacecraft and a fully-fueled propul- 

• Propeflant transfer, by means of earth 
orbit rendezvous, from an orbiting 
tanker vehicle to an empty stage and 
manned spacecraft. Spacecraft and 
empty stage first would have been or- 
bited as an integral payload. 

• Crew transfer, by means of earth orbit 
rendezvous, from a personnel launch 
vehicle ferry to an empty spacecraft and 
fully-fueled propulsion stage. Space- 
craft and stage first would rendezvous 
and then be mated— either automati- 
cally or by an orbital service crew. 

• Lunar rendezvous, with the proce- 
dures of earth orbital rendezvous and 


assembly essentially transferred from the 
earth to the lunar vicinity. 

• Orbital Launch Facility, (OLF). a 
permanent manned orbital station with 
a checkout, countdown, maintenance 
and repair capability to enhance the 
probability of mission success for space- 
craft and vehicles already in orbit. 

Each of these approaches, with ad- 
vantages and disadvantages in time, cost 
and degree of complexity, was studied 
for Marshall by Astronautics Division of 
Chance Vought Corp. with assistance 
from these acrospice finns. 

• Norair Division, Northrop Corp., for 
study of the orbit launch window. 

• Raytheon Co., for investigation of a 
single and reliable rendezvous tech- 
nique and determination of the earth 
launch window. 

• American Machine and Foundry Co., 
for study of the retrieval and assembly 
operation. 

• Douglas Aircraft Co., for study of the 
propellant transfer technique. 

• International Business Machines 
Corp., for investigation of the checkout, 
countdown, maintenance and repair 
portion of the study. 

• Sperry-Rand Corp., for study of the 
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communications, attitude control and 
secondary power required in orbital op- 
erations. 

Only the Vought-Astronautics and 
American Machine and Foundry Co. 
efforts were partially funded during the 
13-month, two-phase study. The first 
phase involved the broad evolution of 
OLO through the lunar base build-up 
to the 1975-1980 period. The second 
phase concentrated on fundamental 
problems of OLO through the first sev- 
eral lunar lauding attempts to the build- 
up of a permanent lunar base. 

Both phases considered development 
of spacecraft, launch vehicles, support 
vehicles, launch facilities, communica- 
tions satellites, etc., with the second 
phase emphasizing development of such 
equipment over the next 7 to 10 years. 

OLO was initiated by Marshall on 
the premise that earth launch vehicles, 
with payload capabilities lower than 
those required for direct ascent mis- 
sions, would be available sooner than 
the larger boosters. Through the 
rendezvous technique, these smaller 
payloads could be joined to form vehi- 
cles that would begin operating from 
orbit months, or even years before com- 
parable vehicles could be lifted directly 
into space by mammoth boosters. 

Launch vehicles considered necessary 
for orbital operations include the liquid- 
propellant Atlas-Agena B. and Saturns 
C-l and C-5, and the solid-propellant 
Scout. Slightly more than 100 of these 
vehicles were projected by the study for 
use over the next five vears-an ambi- 
tious launch schedule that probably 
would necessitate even further expan- 
sion than now planned at Cape Canav- 
eral. since this figure is only part of 
NASA's total launch schedule for this 
time period. 

Koelle believes that the Saturn C-3. 
able to boost 200.000 lb. into a 300-mi. 
high orbit, will have to be developed 
with a quick launch capability for or- 
bital rendezvous operations. To launch 
several C-5s from the same facility 
within a matter of days. Koelle thinks, 
will demand not only highly reliable ve- 
hicles but also fast assembly and han- 
dling equipment and a high-speed auto- 
matic checkout system. 

Launch vehicles and the techniques 
described above would be blended in 
several possible combinations to achieve 
a manned lunar landing at the earliest 
possible date. 

Retrieval and Assembly 

The retrieval and assembly method, 
studied by American Machine and 
Foundry, presumes that orbiting and 
rendezvous of the translunar propul- 
sion stage-a modified S--1B designated 
as an Orbital Launch Booster— and the 
manned Apollo spacecraft has already 
been accomplished. Retrieval of the 
booster by the manned spacecraft will 


begin when the two vehicles are 100 
to 500 ft. apart, with the capsule using 
an engine to make the necessary correc- 
tions of velocity and position to bring 
the distance down to a 50 ft. radial 
semi-circle forward of the stage. De- 
vices on spacecraft and stage which 
effect mechanical linkage of the two 
orbiting vehicles could be very similar 
to the probc-and-droguc hardware used 
in refueling aircraft. 

The drogue on the stage will be a 
cone on the end of a boom approxi- 
mately 40 ft. long. The boom in turn 
will be mounted on a track on the side 
of the stage; the mounting will be such 
that the boom and cone can swivel 
around a 10-dcg. cone, limited only by 
tankage interference. Probe boom on 
the spacecraft will also be able to swivel 
10 deg. and movements of both booms 
will be controlled automatically or re- 
motely. under crew supervision. Once 
a strike and lock-on of the probe and 
drogue has been accomplished, the crew 
will align the spacecraft with the stage 
and then command the motor-driven 
mount of the drogue boom to back 
down the length of the propulsion stage. 
Closure rate during this docking process 
is expected to he about .5 fps. or less. 

Once spacecraft and stage are joined, 
the crew will lock the vehicles, make 
electrical and other connections, and 
then test and checkout the assembly. 


Weight of the combined retrieval and 
assembly equipment of both spacecraft 
and stage is expected to be less than 
3.000 lb. Use of a mechanical system 
such as this, under the direction of 
man. should give a mission success prob- 
ability of 99%. 

Propellant Transfer 

Initially, it was thought that orbiting 
a manned spacecraft and empty S-4B as 
a single payload and rendezvous with a 
fueling tanker might prove to be a 
simpler and more reliable operation 
than rendezvous and |ouung of a sepa- 
rate capsule and fully-fueled propul- 

But Douglas found this would not 
be the case. Not only would the pro- 
pellant transfer technique involve ren- 
dezvous. docking and mating as would 
the retrieval and assembly method, it 
also would necessitate development of 
a new tcchnologv-thc handling of pro- 
pellants under a zero-g environment. 

Douglas and Vought Astronautics es- 
timate the mission success probability 
of the propellant transfer technique 
to Ire about .976. compared with .994 
for straight assembly. Unless the 
weights of Apollo and its stage increase 
beyond the capabilities of C-5. it is 
unlikely that this technique will be 
used in the Apollo lunar landing mis- 
sion. NASA feels that it will be re- 
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AT RADIATION, CHALLENGE IS OPPORTUNITY 

Example: Bell System’s TELSTAR 


Bell Telephone toborotories is now taking an important step 
toward commercial utilization of space. Bell's experimental 
Project Telstar satellite and its ground stations point the way 
toward a new kind of communications network— one that ulti- 
mately can link oil the telephones on one continent with those 
on every other. 

Radiation Incorporated was chosen by Bell Laboratories to 
play a vital role in this venture. The challenge of on environ- 
ment where service is not yet possible called for a sotelliie 
PCM telemetry system of extremely long life and highest pos- 
sible reliability. Radiolion engineers met the challenge, and 
designed the system to Bell's rigid specifications. 

In addition, Rodiation produced on antenna which will help 
pinpoint the sotellite during its brief posses, and will enable a 


precision tracker to acquire the satellite and bring a 340-ton 
horn-reflector onto the tiny target. 

Rodiation scientists and engineers are also at work on many 
other challenging projects. More able people like them ore 
needed. If your imagination and resourcefulness match high 
technical proficiency, here is full range for your talents. Send 
your resume or write for additional information to Personnel 
Director, Dept. AW-32, Radiation Incorporated, Melbourne, 
Florido. Rodiation is an equal opportunity employer. 


RADIATION 


quired for other space operations and 
plans to develop the concept. 

By using early non-man-rated models 
of the C-5 Saturn to carry an unmanned 
spacecraft and a fueled stage into orbit, 
a C-l Saturn— with a higher degree of 
reliability than its bigger brother— could 
ferry the" crew up to the capsule. In this 
method, development of the man-rated 
C-5 vehicle would no longer be the pac- 
ing element of the lunar landing mis- 
sion, for crew safety then could be en- 
trusted to a Saturn C-l— which at that 
time, about 1967, should have a fairly 
good man-rating. 

Marshall believes this approach could 
accelerate the lunar landing program 
by as much as six months. However, 
three earth launch vehicles would be re- 
quired-one for the spacecraft, one for 
the translunar propulsion stage and one 
for the crew ferry— and two orbital ren- 
dezvous, dockings and assemblies in- 
stead of one as in the previous methods. 
As a result of this technique, time could 
be saved, but only at the expense of 
greater complexity and less chance of 

Whether or not this technique is 
selected as the prime mothod for the 
lunar landing mission, it is, like pro- 
pellant transfer, a technique which 
will be used eventually and which 
NASA intends to follow further. 
Lunar Rendezvous 

Most attractive feature of this ap- 
proach is the lower velocities required 
and smaller gravitational forces encoun- 
tered near the moon, which make the 
problem of rendezvous, docking and as- 
sembly simpler (AW Nov. 6, p. 54). 
This "method has several variations. 
One refinement would have the manned 
spacecraft meet and mate with the lu- 
nar retrorocket stage, after each had 
been boosted to lunar orbit by C-5 ve- 
hicles. Then the complete vehicle 
would descend to the lunar surface. 

Or, an Apollo spacecraft carrying a 
small one- or two-man parasite capsule 
could be boosted into lunar orbit by a 
single Saturn C-5. The mother space- 
craft would orbit the moon while the 
scooter descended to the moon. After 
exploring the surface, the scooter would 
launch itself back into lunar orbit, 
rendezvous and be re-assembled with 
the parent vehicle for the return flight 

The lunar rendezvous method offers 
the advantages of a bigger target for 
the guidance and control system— the 
moon, as opposed to a point in space 
above the earth-lesser weight, because 
of the elimination of some of the heav- 
ier docking and assembly equipment 
and shorter lead times. It has. how- 
ever, one serious disadvantage: its very 
remoteness. Operating in lunar orbit 
precludes almost all but minimal repair 
and maintenance and leaves the crew 


with a rather limited choice of landing 
sites if the necessity of an abort arises 
during any part of the lunar flight pro- 
file. 

The Orbital Launch Facility (OLF) 
is not so much a technique of opera- 
tions as it is a method of supporting 
various operations and raising their 
chances of success. 

Like the propellant transfer and crew 
transfer techniques, OLF probably will 
be developed whether or not it is used 
in NASA’s Apollo lunar landing pro- 
gram. 

To a large extent, initiation of an 
orbital facility development depends on 
a decision to have a manned station 
assisting the Apollo lunar landing flight 
crew during orbital preparations for the 
flight, and the build-up rate of various 
space missions, in addition to the Apollo 
program. 

Crew Support 

If NASA decides that the Apollo 
lunar landing crew shall be assisted 
through the rendezvous, docking and 
vehicle-mating phases of the earth- 
orbital assembly operation, the quickest 
and simplest means of rendering such 
support would be to orbit another 
Apollo spacecraft after the translunar 
propulsion stage had been placed in 
orbit. The three-man crew would direct 
and perform practically all actions in- 
volved, with the possible exception of 
inter-stage connections, which the flight 
crew would do itself. 

A variety of facilities is foreseen, in- 
cluding minimal, intermediate, ad- 
vanced and advanced with hangar, all of 
which have varying degrees of mainte- 
nance and repair capabilities. Each 
would be built with a number of air 
locks so that a spacecraft in distress 
could tie up to a station and the flight 
crew could be transferred to safety. 

Type of orbital launch facility used 
in OLO will be dependent on the rate 
at which payloads are flown into space— 
the temporary or minimal facility would 
be adequate for the first through third 
Apollo lunar landing flights: the inter- 
mediate station (conceived when the 
Saturn C-2 or C-3 was still in the pro- 
gram) would meet the requirements of 


a launch rate of one per six months: 
the advanced, one vehicle every three 
to five months and the advanced with 
hangar for a rate of one spacecraft every 
two or three months. 

The minimal facility would carry a 
bare minimum of critical components 
and perhaps one or two vital subsystems. 
Should the lunar landing vehicle re- 
quire replacement of a major system or 
a part not inventory, the orbital serv- 
ice station would have to request trans- 
portation of the item from each. The 
earth support launch vehicle used to 
ferry the required equipment could be 
either a Scout or an Atlas-Agena B, 
depending on the size and weight of the 

At the other end of the scale, the ad- 
vanced space station with hangar would 
have a 100% spare parts inventory 
based on mcan-time-betwcen-failure 
analysis of parts and complete mainte- 
nance and repair facilities. 

The concept of a station with a check- 
out, countdown, maintenance and re- 
pair function calls for a specific test 
system called BITE (Built-In Test 
Equipment). BITE, presently estimated 
to weigh somewhere around 200 lb., 
would be integrated directly into each 
system and subsystem of an orbital 
facility and would be able to detect and 
isolate faults down to the subsystem 
level and component level of the space- 
craft. 

Studies by Marshall and IBM esti- 
mate the increase in reliability of ac- 
complishing any mission given by a 
manned station during 20 and 200 hr. 
orbital stay-periods (sec chart p. 85). 
Importance of Man 

Although all study contractors noted 
that it was difficult to quantitatively 
assess man’s contribution to the success 
of orbital operations, it was agreed that 
it raised the probability of mission 
achievement over the most automated 
equipment. 

In a hypothetical mission involving 
the earth-orbit rendezvous of a space- 
craft with a propulsion stage, it was 
found that the two required operations 
—rendezvous and then retrieval, docking 
and assembly— could be accomplished 


Orbital Launch Facilities 
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FEWER PARTfS, GREATER RELIABILITY 


With Lear-Romec Centrifugal Pumps 


With only four moving parts - impeller, 
rotor and frictionless bearings -Lear- 
Romec centrifugal pumps are slow to wear 
out ... are service-free . . . maintain constant 
efficiencies. AC motor driven pumps have 
guarantees up to 2400 hours of trouble- 
free service life. Motors on submerged 
centrifugal pumps can be cooled by liquid 
(lowing through the motor. This eliminates 
seals, increases reliability and utility. 

Lear-Romec centrifugal pumps fit any 
precision application: fuel booster pumps 
for missiles, aircraft and helicopters: cen- 
trifugal pumps for ordnance vehicles and 
specialized industrial and commercial uses. 
They have standard or custom-designed 
mountings, wet or dry AC and DC motors, 
line-mounted or integral radio noise filters, 
discharge ports to fit standard or special 
fittings. They pump any non-corrosive 

We can design the centrifugal pump for 
your aerospace, ground support or indus- 
trial application. Tell us the basic param- 
eters of your application. Or, if you desire 
technical data on any of our present line 
of pumps, ask for our data file. Write: 
Lear-Romec Division, 241 South Abbe 
Road, Elyria, Ohio. 


f 

4 

s... 

| 

15,000 oph: weigh 


LEAR 

LEAR-ROMEC DIVISION 

241 SOUTH ABBE ROAD, ELYRIA, OHIO 


with a reliability of ,92 under the direc- 
tion of a man. Using automatic equip- 
ment, the reliability would be about 
.81, a difference of *11%. Two rendez- 
vous actions, with two retrieval, docking 
and assembly procedures, could be per- 
formed by man with .84 reliability and 
by automatic devices with .65 assurance 
of success— a difference of 19% . 

The chances of man's effectiveness in 
successfully bringing off any given mis- 
sion ranges from ,59 (with a temporary 
OLF) in 1966 for a 200-lir. period in or- 
bit to about .92 (with an advanced OLF) 
in 1968 for a 20-hr. stay in orbit. There 
appears to be very little doubt in 
NASA's mind that success in space 
operations will be determined largely 
by the extent of man's participation in 
the mission. 

Decision Due 

Presently, Marshall is actively con- 
sidering alt of the operational methods 
above in an attempt to find the one. or 
combination of several, that will pro- 
duce the lunar landing mission in the 
shortest time and least cost possible. 

Koclle believes that it will take at 
least two more years of OLO develop- 
ment before a firm commitment can be 
made for one or more approaches to 
the lunar landing problem. Recently. 
Milton W. Rosen, director of launch 
vehicles and propulsion in NASA's 
office of manned space flight programs, 
said that NASA is exploring a variety 
of means to achieve the goal and in- 
vited industry to submit any ideas it 
might have. 

Because it offers the promise of earlier 
payoffs than the direct ascent method, 
some form of rendezvous will be used 
in the Apollo lunar landing mission 
(AW Nov. 6, p. 26). 

The fundamentals of rendezvous 
studied by Raytheon for \ 'ought Astro- 
nautics comprised the phases of boost 
injection into orbit, parking orbit, 
transfer orbit and closure. 

An essential element in determining 
a simple and reliable rendezvous opera- 
tion is the time span, or window, al- 
lowed for the earth launch of the 
second of the two vehicles to be as- 
sembled in space. Since man will play 
such an important role, it is assumed 
that the translunar propulsion stage 
will be placed into the 300-mi. high 
rendezvous orbit first, and the manned 
spacecraft second. The stage will be 
the target and the manned spacecraft 
the seeker. 

If rendezvous of target and seeker is 
attempted by flying the spacecraft di- 
rectly into the stage's orbital plane at 
an altitude of 300 mi. and to a point 
shghtlv ahead of the stage, the launch 
window— that is, the time which the 
launch crew can take to get their ve- 
hicle off-is about one second or less. 
Shooting seconds early or late will ne- 



Now, New General Electric 
Integrated Electronic Devices 
Catalogue.. .Available FREE 


A new catalogue, containing important facts about new developments in 
the field of electronic devices is now available from General Electric's 
Specialty Devices Operation. The catalogue includes detailed information 
on facilities, engineering capabilities, manufacturing methods, environ- 
mental testing, and a complete line of electronic specialty devices. 
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HOW TO REMOVE ALL DOUBTS FROM COMM/NAV BUYING 


Complete Bendix VHF line 
features 108.0 to 136 or 150 
megacycles . . . new navigation 
unit with VOR-CHECK for in- 
flight system checking . . . sub- 
chassis construction for easier 
maintenance. 



weight, extended frequency range, greater 

there's close-at-hand, authorized service 
when needed— wherever you may be. 

For details on a Bendix VHF Comm/Nav 
system for your application write Bendix Radio 
Division, Avionic Products, Baltimore 4, Md. 
Export Sales & Service: Bendix International, 
205 E. 42nd St„ New York 17, New York. 
Canada: Computing Devices of Canada, Ltd., 
P.O. Box 508, Ottawa 4, Ontario. 


Bendix Radio Division 


ccssitate use of the spacecraft's propul- 
sion system to make up the difference 
in orbital velocities, as well as some 
corrective maneuvers. 

Allowing the angle between the or- 
bital planes of target and seeker to vary 
by as much as 4 deg., the launch win- 
dow is extended to approximately 15 
min. every day when the two planes 
fall within the specified adjacency. This 
situation would occur, Raytheon esti- 
mated, about nine days out of 30 and 
would require the spacecraft to use both 
its propulsion and control system. 

The best way of achieving rendez- 
vous, Raytheon found, was through the 
use of a parking orbit. Once a day. 
when the orbital plane of the propul- 
sion stage nearly coincides with the 
plane of the launch azimuth, the space- 
craft could be launched into the same 
plane as its stage— but at a lesser alti- 
tude and velocity. 

Once in the same plane, the seeker 
simply would wait until the difference 
in the angular rotation between itself 
and its target brought the stage into a 
proper position overhead, then start its 
engines and fly an elliptical path that 
would bring it to 300 mi. altitude and 
a position ahead of the stage. 

Even under the poorest conditions, 
the maximum time the manned space- 
craft would have to spend in orbit wait- 
ing for its stage to appear overhead 
would be slightly less than 20 hr. 

Use of the parking orbit and a dif- 
ference of less than five deg. between 
orbital planes would provide a window 
of approximately 20 min. whenever the 
planes of target and seeker nearly coin- 
cided. Theoretically, more than one 
such launch opportunity would occur 
per day. but the practical considerations 
of use of the ground tracking network, 
crew fatigue, etc., would restrict launch 
attempts to one a day. 

Raytheon also estimated that a space- 
craft grossing 50,000 lb. must be able 
to allow about 6,000 lb. of that weight 
for the rendezvous propulsion and con- 
trol systems. 

The reliability analysis of this rendez- 
vous method shows a mission success 
probability of .83 for automatic equip- 
ment in 1967 and .91 with man direct- 
ing the operation. 

The pacing element of the parking- 
orbit type of rendezvous is the search- 
acquisition-and-track radar which would 
have to be developed especially for this 
method. Suggestions have ranged from 
upgrading the radar carried aboard the 
Bomarc interceptor to adapting the ra- 
dar system now under development for 
the Air Force’s Satellite Inspector 
(Saint) program. 

Norair Division of Northrop studied 
the requirements of a space vehicle 
launched from earth orbit, the geo- 
metrical relationships between a vehicle 
in earth orbit and the moon in its orbit. 



the translunar flight trajectory as affected 
by propulsion and time requirements 
and the orbital escape windosv. Norair 
made the following assumptions: 

• Inclination of earth orbit plane to 
the earth's equatorial plane is 30 deg. 

• Rendezvous altitude, in which as- 
sembly of the spacecraft and stage takes 
place, is 284 naut. mi. 

• Inclination of lunar plane to earth's 
equatorial plane is 27 deg. 

• Precession of earth's orbital plane is 

6.6 deg. per day. 

• Elapsed time of the translunar flight 
is fixed at 66.8 hrs. 

From these assumptions, Norair de- 
termined that the opportunity to 
launch a vehicle from earth orbit to- 
ward the moon varies from once every 

3.6 days to once every 10.6 days. 
Size— or time spread— of the orbital 

escape window as it occurs on these 
days is a function of the vehicle’s 
velocity. At a velocity increment of 250 
fps., the window is 11.7 hr. wide ap- 
proximately every 86 hr. At 500 fps., 
the window increases to 17.1 hr. and at 
1,000 fps. to 27.3 hr. 

With the window occurring every 

10.6 days, or every 254 hr. approxi- 
mately, the windows at 250 fps., 500 
fps. and 1,000 fps. velocities arc re- 
spectively 4.2 hr., 6.1 hr. and 9.0 hr. 

Window width indicates the total 
time that orbital and lunar planes are 
in the proper geometrical position for 
launching. However, the spacecraft will 
be in the exact position for translunar 
flight only once during eveiy earth 
orbit. For example, if the window is 
15 hr. wide and the vehicle’s earth 
orbital period is 1.5 hr., it will have 10 
launch opportunities during that par- 
ticular window. 

Delay in starting the translunar flight 
will necessitate increased velocity for 
the space vehicle to reach the moon, 
because earth and moon planes will be 


changing constantly in angular refer- 
ences. A 1-min. delay with a small off- 
anglc of 10 deg. would mean a penalty 
of 800 fps. that the spacecraft would 
have to make up. 

Sperry-Rand's study suggested the 
use of 12 repeater communications sat- 
ellites in 350-mi. high orbits to provide 
real-time data and to allow for a con- 
siderable reduction in the storage capac- 
ity of each-thus making more data 
more readily available to earth stations. 

Sperry's study also included investi- 
gation of attitude control systems for 
unmanned payloads and OLF and de- 
termination of the secondary power 
requirements of an OLF and a seeker 
spacecraft during the rendezvous inter- 

Vought Astronautics previously had 
found that an OLF with a power re- 
quirement of 30 to 60 kw. over a one- 
year period could best use a Snap-8 nu- 
clear system. Although NASA and 
Vought Astronautics thought further 
study might reveal a better system. 
Sperry concluded the original Snap-8 
decision. 

Estimated costs of Orbital Launch 
Operations in support of the manned 
lunar landing mission range from SI. 02 
billion to $3.08 billion, depending on 
whether a decision is made to develop 
an Orbital Launch Facility and, if so, 
what type. 

Without a space station. Marshall 
Space Flight Center figures that earth- 
to-orbit transportation costs would be 
about S560 million and basic OLO 
costs— such as the translunar propulsion 
stage, rendezvous radar, etc.— about 
$460 million. 

With a minimal OLF costing approx- 
imately $250 million, earth-to-orbit 
launch costs would run $640 million 
and basic OLO expenses $630 million— 
for a total OLO program figure of $1.52 
billion. 

An advanced OLF would cost $1.03 
billion, with transportation running 
about $730 million and OLO basics 
about $1.32 billion. With a highly 
sophisticated space station, total OLO 
program cost would approximate $3.0S 
billion. 

Funding will rise sharply from some 
$32 million this fiscal year to $138 mil- 
lion projected for FY1963 to slightly 
more than $500 million during FY1965. 
Lacking an OLF, these figures would 
be somewhat lower. 

National Aeronautics and Space Ad- 
ministration Administrator fames Webb 
has said publicly several times that the 
rendezvous technique promises to be 
far more economical than the direct as- 
cent approach to the manned lunar 
landing. 

Marshall Space Flight Center is now 
evolving the specifications for OLO 
components and bids probably will be 
requested by the end of the year. 
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This is a new warning system designed by Northrop 


Northrop has developed an automatic voice warning 
system for aircraft crews which gets action 4 times as 
fast as the traditional red lights. Called vips for Voice 
Interruption Priority System, it uses a female voice, 
speaking directly over the pilot's headset, to describe the 
exact nature of the hazard. 

In recent tests, proficient pilots reacted to warning 
lights in an average of 12 seconds and some lights went 
unnoticed up to half an hour. With vips, the average time 
was just 3 seconds, and no warnings went unnoticed. 

86 


With vips, the pilot doesn’t have to watch for warn- 
ings, nor figure out what they mean. The voice can be 
programmed to suggest remedial action. If several things 
go wrong at once, a logic network will select the most 
important and interrupt any lower priority warning. 

vips was conceived, designed and developed to its 
present high degree of versatility by the Nortronics Divi- 
sion of Northrop, vips will be installed in all Air Force/ 
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Long Thrust 2 Shows Jet Airlift Need 


By Cecil Brownlow 

Rhein-Main Air Base— Military need 
for a substantial jet strategic airlift 
capability was effectively demonstrated 
here by the recent Long Thrust 2 ex- 
ercise designed to test evolving U. S. 
concepts for delivering large-scale re- 
inforcements to a critical area on a 
minimal time basis. 

The operation— airlift of 5,273 troops 
from McChord AFB, Wash., to Rhein- 
Main; field deployment, including the 
largest helicopter assault exercise ever 
held in Western Europe; and subse- 
quent return of 1,490 men to McChord 
—also had the corollary, perhaps pri- 
mary. task of assuring both Soviet and 
West European governments that the 
U. S. plans to stand firm in the face of 
the present Berlin crisis and the sub- 
sequent ones that are bound to follow. 
It served, too, to underscore the re- 
quirement for an effective jet transport 
force and. over-all, included several 
“firsts" in the evaluation of new hard- 
ware and concepts. 

These were: 

• First use of Military Air Transport 
Service Boeing C-135 jet transports in 
a direct mission role. 

• First large-scale test of the Army con- 
cept of stockpiling infantry equipment 
and weapons in Europe for assignment 
to strategic reserve forces rushed into 
the area to meet an emergency situa- 
tion without an air or sea logistics 
backup. The majority of the troops of 
the three 4th Infantry Division battle 
groups flown from McChord by conven- 
tional and jet aircraft arrived, by design, 
without their weapons. The necessary 
tactical and support vehicles to regain 
combat effectiveness also were left be- 


hind and supplied from pre-positioned 
stockpiles within West Germany. Plans 
to build up such stockpiles were an- 
nounced by the Defense Department 
last October. 

• First “general-war" tactical exercise 
for the Republic F-105 fighter-bomber 
now phasing into the operational in- 
ventory of the European theater. 
Deployment Stage 

In the deployment stage, MATS 
flew a total of 102 sorties— 12 by 
C-135s, 4 by Douglas C-133 turboprop 
aircraft, 23 by Lockheed C-121 Con- 
stellations. 57 bv Douglas C-118s and 6 
by Boeing C-97 Stratofrcightcrs-over a 
six-day period in mid-January. 

The redeployment approximately one 
month later was primarily an all-jet 
affair, with seven C-135s plus backups 
flying a total of 21 missions over a four- 
day period, several of them making up 
to three round trips over the 8,970 naut. 

Time and performance differences in 
the deployment phase were impressive 
and. in the event of an actual emer- 
gency. could have been crucial. 

The C-135s, with favorable winds on 
the flights from McChord, reached 
Rhein-Main in an average nonstop time 
of 10 hr. 15 min. with approximately 
70 troops and personal equipment 
aboard each aircraft. Takeoff weights 
were near the aircraft’s maximum gross 
of 272,000 lb. In the redeployment 
phase, adverse winds boosted the aver- 
age time to McChord to about 10 hr. 
40 min. Following are the times 
recorded by the other aircraft employed 
in the deployment lift: 

• C-133s, average elapsed time of 34 
hr. 25 min. carrying mixed troop-freight 


cargoes. Scheduled 6,400 naut. mi. 
route included stops at Dover AFB, 
Del.; Harmon, Newfoundland, and 
Lajcs in the Azores. Crew changes were 
made at Dover after the 1,939 naut. mi. 
leg from McChord. 

• C-121s, average elapsed time of 36 hr. 
With 66 troops and equipment aboard, 
each aircraft flew the 6,593 naut. mi. 
course with stops at Charleston: Kind- 
lev Air Base, Bermuda, and Lajcs. Crew 
changes were made at Charleston. 

• C-118s, average elapsed time of 32 hr. 
20 min. With each plane carrying an 
average of 55 troops plus equipment, 
the C-llSs followed a 5.S53 naut. mi. 
route to McGuire AFB. N. J.; Harmon; 
Prestwick, Scotland, and Rhein-Main. 
Crew changes were made at McCuire 
AFB. 

• C-97s, average elapsed times varied 
widely because of the adoption of crew- 
rest rather than crew-change stops. 
Piloted by reactivated Air National 
Guard crews, the C-97s. each with seven 
tons of equipment aboard, flew directly 
to Harmon from McChord and, after 
crew rest, on into Rhein-Main by way 
of Lijes. Douglas C-124s originally 
scheduled to be used in the exercise 
were withdrawn to permit the participa- 
tion of the reactivated Air National 
Guard units. 

Foreign Bases 

Aside from the values of time alone, 
an obvious factor on the side of the 
C-135 during the operation was its free- 
dom from reliance upon foreign-owned 
staging bases whose use could be de- 
nied. The Azores, as a prime example, 
are owned by Portugal, a nation present- 
ly embittered over the U. S. policy con- 
cerning the former nation’s Angolan 
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protectorate. As a result, there has been 
Portugese-inspired speculation that 
Lajcs might be closed to U. S. aircraft. 
If such a move were made, it could put 
a severe crimp into MATS’ transport 
capability ana, possibly more import- 
antly, deny a vital staging area to the 
KC-135 jet tankers of the Strategic Air 
Command. 

The C-135s, basically a transport con- 
version of the KC-135 with only two 
windows on cither side of the passenger- 
cargo fuselage section, arc regarded pri- 
marily as an interim aircraft until the 
mid-1960s advent of the Lockheed 
C-141. A total of 45 have been ordered, 
1 5 of which are now operational with 
MATS. Thus far there have been no 
budget requests for additional C-135 

While generally pleased with its 
over-all Long Thrust performance, one 
MATS official says: 

"It has its limits. It's not an ideal 
vehicle. It’s an aircraft with a 6,000 
mi. range, and we’re using it for a 
6,000 mi, mission. We don't have the 
cushion we would like to have. . . . It’s 
a pretty raw. basic, austere aircraft.” 

The operation as a whole also was 
primarily a 'walk-through" exercise to 
determine the feasibility and capability 
of the aircraft in a strategic airlift mis- 
sion and of the other concepts involved 
rather than any race against time as 
such, although potential minimal time 
factors were part of the theoretical con- 
siderations. 

Utilization Rates 

Over-all utilization rates were above 
the norm but still well within accept- 
able limits for the aircraft. Average 
MATS utilization of the C-135 since it 
began service last fall has been ap- 
proximately eight hours a day. Utiliza- 
tion of the Long Thrust aircraft is hard 


to determine because of the use of back- 
up vehicles in some instances, but it 
probably reached 12 hr. 

In the redeployment phase, the air- 
craft were scheduled to depart Rhein- 
Main at four-hour intervals, with each 
spending a three-to-four hour turn- 
around period on the ground. Similar 
schedules were maintained for the air- 
craft at McChord. 

"Four-hour departure times for the 
C-135 don't begin to represent MATS’ 
emergency capability,” according to Lt. 
Col. Salccm Aswad, plans officer of the 
1602nd Air Transport Wing, the serv- 
ice's major European command. "We 
could suppress tins substantially. . . . 
"This was primarily a walk-through to 
test the feasibility of bringing troops 
from the U.S. and then marrying them 
to their equipment over here. For in- 
stance, it took the Army eight days to 
marry the men and equipment and an- 
other two days to get them to the de- 
ployment area. . . . There was no at- 
tempt to do it on a rush basis. 

“’hie main problem for MATS is 
not the number of people you carry, but 
the number of landings, takeoffs and 
time on the ground. When you have 
four hours on the ground, you have 
time to breathe. 

“So far as MATS is concerned, the 
main idea was to find out as much as 
possible about the capability of a new 
aircraft and build up the experience 
level of the flight, maintenance and 
traffic crews." 

Brig. Gen. Robert D. Forman. 
1602nd commander and senior MATS 
officer in Europe, agrees. Long Thrust, 
he says, “was just another exercise as 

Forman describes the C-135 as a 
"Godsend so far as maintenance goes,” 
particularly when compared with rela- 
tive turnaround-time work that must 


be spent on piston-engine aircraft. And, 
the aircraft's Long Thrust maintenance 
record was good. 

Although McChord reports were not 
available here, there were no Rhein- 
Main engine changes during the op- 
eration’s total of 33 C-135 flights, 
and the difficulties generally centered 
around availability of spares, particu- 
larly of high-use items. 


Major Problems 


Major problems included a tom door 
seal which had to be replaced to assure 
cabin pressurization and a starter 
change on one of the aircraft's Pratt & 
Whitney J57 engines. “But it was the 
small problems that worried us the 
most," a maintenance officer of MATS 
1614th Air Support Squadron says. 
“Everything that has come up has been 
something different, and we're still lim- 
ited in experience on this aircraft. The 
radios were a big problem, not in any 
difficulty in repairing them but in find- 
ing the necessary spare parts.” 

The 1614th, which handles all MATS 
aircraft operating into Rhein-Main, is 
accustomed to servicing one, sometimes 
two, C-135s per day. During Long 
Thrust, the average jumped to four and 
five a day. There had been no bolster- 
ing of spares or maintenance personnel, 
and the operation imposed a drain on 
both. 


“We were dredging up spares from all 
over the place,” one officer said. "We 
had,” another adds “1 1 people here who 
were jet-qualified, so we had to use peo- 
ple with reciprocating engine experi- 
ence to get the job done, and everyone 
has been working on a 12 hr. on, 12 
hr, off basis.” 

Although backup aircraft had to be 
thrown into the breach at Rhein-Main 
on at least two occasions, the four hour 
ground-time schedule was generally met 
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ADEL DUAL HYDRAULIC MOTOR CAPABLE OF 11 HP... 
RUNS AT STRATOSPHERE COLD OR MACH 2.5 HEAT 


This unique gear-type dual hydraulic motor weighs 
30 ounces, runs in ambient temperatures up to 1,000° 
F., handles fluid temperatures up to 600- F. Has dual 
cartridge design for fail-safe performance. 

Adel gear-type motors and pumps offer high 
performance in unusually small packages . . . can 
be designed to your needs for a wide range of 
characteristics: 1,000 to 80,000 rpm, ambient 
temperatures from — 100° F. to 1,000° F. Housing, 
porting and drive can be economically designed to 
meet individual customer requirements. Adel’s 
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GENERAL DYNAMICS | CONVAIR'S 
Unmatched Capabilities and Facilities 

NOW AVAILABLE for your 
SUBCONTRACT and 
SUBSYSTEM work 

Let one of America's major manufacturers of 
aerospace products go to work for you on your 
subcontract and subsystems programs. 

The complete facilities and skilled personnel of 
General Dynamics | Convairare now available for 
your research, fabrication, modification and 
testing requirements. The insert on the opposite 
page, perforated for easy removal, describes in 
detail one of General Dynamics | Convair's special 
capabilities. Twelve other comprehensive folders are 
available by simply checking the coupon below. 
Whatever your subcontracting and subsystem needs, 
investigate the capabilities now offered by 
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The Scotchweld bonding process is a Convair-developed 
technique for sealing integral wing and fuselage fuel tanks. 
Scotchweld sealant has proved to be one of the outstanding 
features of Convair’s F-102/F-106 interceptors and the 
880/990 commercial transports. In addition to providing 
greater structural integrity, over 10 years of experience has 
shown that Scotchweldprimed interiors are not subject to 
common bacteriological growth or corrosive actions. 

Scotchweld sealing assures long maintenance-free service life. 
This is attested to by Air Force records which show that no 
Unsatisfactory Reports have been issued against any of the 
Scotchweld-sealed fuel tanks on F-102/F-106 series aircraft. 
This system is a balanced design of adhesives and mechanical 
fasteners which afford excellent fatigue resistance of structures. 
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Dassault Mirage IV A-02 and Mirage III R-02 Undergo Testing 

Prototype Dassault Mirage IV A-02 is parked behind Dassault Mirage III R-02 reconnaissance prototype. Deliveries of first of 50 Mirage 
bombers ordered by the French air force are expected to begin next year. The French government recently created a Strategic Air Com- 
mand to begin planning operational use of the Mirage IV. 


except on one day when high winds and 
snow prevented any flying. And, on the 
next-to-last day, one aircraft had to re- 
turn to the field after takeoff because 
of instrument malfunctions, including 
loss of radar pressurization. In sum- 
mary. a maintenance officer who worked 
on the line throughout the operation 

“The aircraft is terrific in relation 
to the manhours we have to spend here 
on propeller aircraft— there’s just no 
comparison. If the plane comes in 
clean, four men can service it with no 
problem in two to two and one-half 

To maintain the redeployment sched- 
ules, the seven C-155s "in the pipeline" 
were backed by two reserve aircraft at 
Rhein-Main and another two at Mc- 
Chord. All were from the 1611th Air 
Transport Wing based at McGuire 
AFB. For crew rotation, four stage 
crews of the 1611th were held at 
McGuire and four at McChord. After 
completing a flight, the six-man unit 
would be placed on crew-rest status for 
12 hr. before being rescheduled. 

One of the backup aircraft and stage 
crews also was diverted to ferry the 
badly burned seven-year-old son of an 
Army sergeant to Brooks Medical Cen- 
ter in San Antonio on an emergency 
mission. With 20 other patients aboard, 
the aircraft’s scheduled flight time over 
the 6,000-mi.-plus route was 12 hr. 
NATO Exercise 

Once the three battle groups were on 
hand and “married" to their pre-posi- 
tioned equipment, they were thrown 
into a five-day North Atlantic Treaty 
Organization tactical exercise, including 
helicopter assault missions and close 
support flights by USAF, German and 
French aircraft. 

The U. S. 17th Air Force set aside, for 
possible use by the NATO command, 
150 tactical sorties a day— 8 by F-105s, 
12 by North American F-lOOs, 60 by 
North American F-86Hs and 50 by 


Republic F-84Fs— plus 15 potential re- 
connaissance strikes— one night sortie by 
a Douglas RB-66 based in England plus 
day missions by McDonnell RF-lOls 
and RF-84Fs. The number it was asked 
to provide, however, was substantially 

Over-all, the 17th flew 164 fighter- 
bomber sorties with F-105s, F-lOOs, 
F-86s and F-84s plus 50 reconnaissance 
missions. In addition, the German air 
force provided 25 close-support sorties 
with F-S4s and one RF-84F reconnais- 
sance mission. The French flew 1 1 
F-100 fighter-bomber strikes and four 
RF-S4F missions. 

In line with President Kennedy’s 
policy of placing increased emphasis 
upon conventional warfare capabilities, 
all flights were confined to this category, 
with no simulated special weapon at- 
tacks. 

Coordination Problem 

The major problems in this sphere 
were coordination of the low-level strike 
flights with the helicopter units in the 
area and prevention of any straying 
across the West German border during 
maneuvering within the cramped exer- 
cise zone of Hohenfels in northern 
Bavaria near Czechoslovakia. 

Aircraft were monitored by two radar 
units at Stuttgart during the initial 
flight stage and then turned over to the 
Erding Air Base tactical control center 
for penetration into Hohenfels. Within 
the training area itself, a mobile Tacan 
unit monitored all flights to prevent 
any border straying. The aircraft also 
were kept under visual control because 
of Czech efforts in the past to simulate 
USAF directions to aircrews in hopes 
of luring them across the border. The 
Czechs also have used similar tactics 
against ground troops in the training 
area, "ordering” vehicles over normal 
command channels to divert course onto 
routes that would lead into Czechoslo- 
vakia, and issued contradictory radio 
commands to create confusion. 


Seventh Army helicoptcrs-122 Si- 
korsky II-54s and 25 II-57s— were em- 
ployed in the assault maneuvers, the 
largest in West Europe to date. During 
the five-day exercise, the II-54s flew 291 
missions for a flight-hour total of 
1,479.5; the H-57s made 102 sorties for 
550.5 hr. Total passenger miles were 
106,760, ton miles 7,942. 

300 Flights 

Some 500 flights were made trans- 
porting a total of 5,600 troops plus 
equipment, including one-quarter-ton 
trucks ferried in by H-57s. Time on the 
ground during simulated assault exer- 
cises averaged between 15 and 20 sec. 

Of the total number of helicopters 
involved, 87% of the II-54s were nor- 
mally available and/or in sendee 
throughout the exercise period, while 
S5% of the II-57s were on a similar 
footing. According to Army spokesmen, 
there were only two incidents beyond 
the realm of normal operational main- 
tenance. 

In one, one engine of an H-57 failed 
m flight, but the crew made a successful 
emergency landing by use of full power 
of the other powcrplant. Fifteen troops 
were aboard at the time, but there were 
no injuries. 

In the other, two H-34s maneuvering 
on the ground during conditions of 
snow-fogged visibility clipped rotor 
blades. Again, there were no injuries. 

At the conclusion of the exercise, one 
of the battle groups was airlifted back 
to the U.S. by the 21 C-155 flights. 
The other two are remaining in Ger- 
many for about six months to bolster 
NATO ground forces and to train in 
areas they may someday need to know. 
As the jet transport capability of MATS 
ows, troops may be shunted from the 
. S. to Europe on a regular rotational 
basis, providing each unit with an added 
ready-alert ability and giving air crews 
additional experience, as a substitute 
for the present largely-static three-year 
tour routine. 
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The biggest aircraft lamp made is the landing light (#4556—1000 watts) on the left. The smallest 
is the instrument light (#680) on the right. Both are General Electric. In between are over 100 
aircraft lamps to fit every possible requirement — military, commercial or general. Whatever 
you want in aircraft lamps, General Electric has it. „ , n . , , n j . 

progress k Our Most Important Product 

General Electric Company, Miniature Lamp 

Department M-29, Nela Park, Cleveland 12, Ohio. GENERAL® ELECTRIC 
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TOP-LEVEL chain of command at Douglas Aircraft Co. is shown. Corporate 




Douglas Goal Is Managerial Flexibility 


Bv Russell Hawkcs 

Los Angeles— After five years of mar- 
ket shrinkage and financial losses on the 
DC-8 program, complicated by a whole- 
sale turnover in top management per- 
sonnel, Douglas Aircraft Co. is com- 
pleting a major reorganization intended 
to make the firm a more effective com- 
petitor in future markets. 

characterized the company has been 
largely abandoned. Middle management 
opinion indicates more optimism than 
has been apparent for some time. It is 
thought that the reorganization will im- 
prove management efficiency and result 
in economic success. 

In an interview with Aviation Week. 
Donald W. Douglas, Jr., president of 


the company, said he expects to con- 
tinue making comparatively minor ad- 
justments in the organization and phys- 
ical plant as necessary to keep the 
corporation well adapted to its markets. 
He said, ‘We hope we have arrived at 
a new concept of management but in an 
industry as dynamic as ours there should 
always be some degree of experimenta- 
tion and flexibility to give the organi- 
zation maximum effectiveness in a 
rapidly changing environment. Con- 
sidering the scale and complexity of in- 
dustry in aircraft, snare and defense, 
management should be made a science 
like aerodynamics or propulsion design.” 
Douglas discussed the many recent 
changes in top management personnel 
but said the apparent turbulence has 
been made more striking by contrast 



the corpo- 

. . father in 

r, 1957. the downward spread of 
new management personnel has steadily 
gathered momentum as each newly ap- 
pointed executive chose his own chief 
1 I it The result has been the 
departure of much of the old line man- 
agement which had retained many 


had been deprived of much of the re- 
sponsibility and authority. 

A company official pointed out that 
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Wanted : 

ROBOT 

with 28 -volt electrical system 


Job function: to supervise automated manufacturing 
and testing of complete line of indicator lights 
and lighted switches. (6, 14, and 110-volt capability helpful.) 
Experience with precision switches also required. 
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the turnover has been made more ex- 
tensive because it coincided with a pe- 
riod of rapid consolidation. During the 
same 1957-1962 period, total Douglas 
employment shrank from about 80,000 
to about 40,000. 

Jackson R. McGowcn, vice president 
and general manager of the Aircraft Di- 
vision of the company, pointed out that 
for two years there has been consider- 
able experimentation with the organiza- 
tional structure of the company in an 
effort to give it a more effective orien- 
tation according to product line and to 
adjust it to the stresses of management 
changes. During that time, the present 
divisional structure gradually emerged 
and took its final shape in a decision 
made last August at the end of a six- 
month study. 

Former Organization 

The former single complex organiza- 
tion was then replaced by one in which 
the divisions are regarded as separate 
“profit centers" each keeping its own 
ledger but with certain overhead func- 
tions shared at the corporate level. Each 
division is a complete, integrated en- 
tity. Division general managers report 
directly to the president and no longer 
take direction from corporate staff offi- 
cers who now serve only as advisers to 
the president. How future markets de- 
velop will determine which division 
plays the largest role in the future of 
the corporation. 

One motive for adopting the new pat- 
tern was the conclusion of the corporate 
officers that a gap in communications 
had opened between top and middle 
management, ft was their opinion that 
this hampered decision-making and 
created costs that could otherwise have 
been avoided. 

McGowen said, "A few years ago we 
were doing a lot of aircraft business and 
losing a lot of money at it. We spent 
a long time studying the paradox and 
figuring out the present plan to cut our 
supervisory costs and other overhead.” 
Important Element 

An important element in the plan is 
the geographic consolidation of West 
Coast operations now nearing comple- 
tion. Floor space will be reduced from 
nearly 18 million sq. ft. to just under 
16 million sq. ft. Nearly all of the 1.6 
million sq. ft. reduction is in the Air- 
craft Division and is being achieved by 
the closing of the El Segundo plant 
which was used mainly for the design 
and construction of Nary aircraft. 

This activity is now being trans- 
ferred to the Long Beach headquarters 
of the Aircraft Division. 

This transfer alone is expected to cut 
the costs of the division by 5%-6%. 
There have been several smaller real 
estate transactions in the past two years. 
In one, an Air Force-owned section of 


the Long Beach plant was acquired in 
exchange for an isolated Douglas prop- 
erty near the USAF Space Systems and 
Ballistic Systems complex in Inglewood. 
Douglas is speeding up the geo- 

B aphic consolidation of the Aircraft 
ivision and will complete it this spring 
—three or four months ahead of the 
original target date in September. Mc- 
Gowen said the speed-up is at least 
partly intended to relieve the anxiety 
of employes about their status in the 
new division. 

The Missile and Space Systems Di- 
vision has been less affected by consoli- 
dation and market shrinkage and as a 
result management changes have been 
less significant than in the Aircraft Di- 
vision. Many employes no longer 
needed in the Aircraft Division are 
being transferred to MSSD plants at 
Santa Monica and Culver City. Missile 
and space contracts account for 65.42% 
of the corporation’s government work 


backlog and 52.97% of the total back- 

The company wants to expand the 
facilities of the division and is now nego- 
tiating with the city of Santa Monica 
for the necessary land. 

Defense Policy 

Recognition that defense policy had 
shifted from one of maintaining an in- 
dustrial base for rapid mobilization to 
one of steady procurement to continu- 
ously modernize a force-in-being was 
perhaps the strongest drive behind the 
Douglas reorganization. The earlier 
policy prompted Douglas to seek elas- 
ticity by organizing in five manufactur- 
ing centers. Each tended to serve a 
single customer; Army, Navy, Air Force, 
or commercial aviation, though the spe- 
cialization was not rigid. For some years, 
the Santa Monica center had contracts 
from civil airlines and the military serv- 
ices at the same time. Each center was 


Douglas Management Changes 

Comparison of the names of top ilia 
how completely second generation ma 

agement personnel in 1957 and 1962 reveals 
agement has replaced the previous manage- 

Donald W. Douglas. Jr., in 1957 only 

ur remain in the top 1 1 in 1962. A number 

before 1962. 

appomle U. ' -- 

1957 

1962 

John A. Dundas, 

Executive Vice President 

John A. Dundas. 

Executive Vice President 

Leo A. Carter, 

Charles R. Able. 

Santa Monica Division 

Missile and Space Systems Division 

Ira C. Eakcr, 

Vice President-Eastern Offices 

Jackson R. McGowen. 

Vice President-General Manager, 

Vice President-General Manager, 

Kenneth G. Farrar 

Vice President-Finance 
Michel E. Olivcau, 

Nat Paschall. 

Vice President. 

Corporate Plauning and Control 
Michel E. Olivcau. 

Vice Prcsidcnt-European Division 

Vice President-Commercial Sales 
Harold G. Hynd. 

Louis Licber, Jr. 

Vice President-General Counsel 

T ulsa Division 

Vicc-Prcsideiit-Gencral Manager 

Arthur E. Raymond. 


A. M. Rochlcn, 

Vice President-Public Relations 

Vice President-General Manager, 

Frederick E. MacArthur, 
Secretary 

Bernard L. Brown, 
Treasurer 

Harry W. Strongman 
Treasurer 

Frederick E. MacArthur, 
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at forty fathoms or forty thousand feet 


Just as runway lights establish the bound- 
/ . aries of a landing strip at night ... a 

• NOR ° EN • continuous set of signals can be used to 
y fully orient submarines to the dim depths 
of the sea and aircraft to high altitudes, 
clouds, and darkness. Such signals ease operating 
tasks and improve operating accuracy. 

Norden’s contact analog display in the submarine’s 
control room reveals on a single screen every key 
parameter: roll, pitch, heading, surface, and bottom 
positions. This system, which utilizes the latest 


proved television and computer techniques, was 
developed for the Navy’s Bureau of Ships — from 
concept to hardware in less than eighteen months. 
A similar unit is available for aircraft to guide pilots 
flying in all weather conditions. 

This is just one of several important Norden pro- 
grams involving advanced television, radar, digital 
computing and digital control systems. The contact 
analog displays, which point out runways beneath 
the sea and above the clouds, demonstrate Norden’s 
primary mission . . . Extending Man’s Capabilities. 


FOR ADDITIONAL INFORMATION ABOUT NORDEN CONTACT ANALOG AND DISPLAY SYSTEMS, WRITE: 


Norden 


U 

fi 
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staffed and equipped to permit rapid 
expansion with the government provid- 
ing necessary additional tooling and 
facilities as had been done in earlier 
mobilizations. The Dougas Charlotte. 
X. C. and Tulsa. Okla. divisions arc 
the last vestiges of that organization. In 
the new organization, they have more 
independence and report directly to the 
president rather than to a vice president- 
manufacturing. The Charlotte Divi- 
sion specializes in Arms- battlefield 
equipment and the Tulsa' Division in 
airframe production for Air Force. 

Douglas analysts forecast a steady 
growth rate in defense and space mar- 
kets in strong contrast to the violent 
expansions and contractions of the past. 
By reducing the number of variables in 
long-range market planning, this should 
allow more efficient acquisition of facili- 
ties. In the new market situation. Doug- 
las found itself with too many facilities 
compared with the current industry aver- 
age and some of those still needed were 
not properly adapted to the new re- 
quirements of the military customers. 
Significant Changes 

The changes in government procure- 
ment philosophy and continuing tech- 
nological advances arc causing signifi- 
cant changes in the trades and talents 
needed, according to Douglas planners. 
They predict that in the next 1 5 years 
the ratio of engineers to total work force 
will increase by a factor of 2.5. while 
the ratio of administrative personnel 
will rise by a factor of 1.5 and that of 
manufacturing personnel will decrease 
by half. 

This trend is one reflection of a 
change in the attitude of the company 
toward research and development. His- 
torically, Douglas has been one of the 
most conservative firms in the aircraft 
business. It avoided unexplored fields 
and concentrated on building a reputa- 
tion for sound detail engineering, high 
quality production and extensive cus- 

McGowcn said that this attitude had 
been abandoned because customers now 
are more willing to accept new concepts 
and a seller must adapt himself to the 
change. Because of this, the new or- 
ganizational pattern has been designed 
to handle more aggressive development 
of new products. The company has also 
acquired a subsidiary, Astropower. Inc. 
to develop space propulsion systems. 

In the Aircraft Division the new em- 
phasis on development is evidenced by 
strong efforts to surpass competition in 
the design of Ground Effect Machines, 
supersonic transports, and VTOL air- 
craft. The division is bidding or will 
bid on systems contracts for Spaceplane 
and the Navy- VAX. It is also prepar- 
ing a proposal for an assault transport 
somewhat larger than the Fairchild 
C-123 and is checking commercial car- 


rier opinion on a twin-turbofan light 
transport designated the Model 2086. 
(AW Jan. 22, p. 48). 

Chief obstacle before the 20S6 pro- 
gram is the difficulty of obtaining ade- 
quate financing. Aircraft Division ex- 
ecutives are convinced that a very large 
market exists for such an aircraft de- 
signed to carry 70-90 passengers with 
optimum economy over stages of from 
300 to 400 mi. Aside from the airfoil 
selection, design details are not yet 
settled. Preliminary design probably 
will not be completed until the financ- 
ing problem is solved. 

The division is working on two GEM 
projects. One is an engineering and 
manufacturing subcontract from Vehi- 
cle Research Corp., a Pasadena. Calif, 
firm which holds a prime contract from 
the National Maritime Administration 
to develop a GEM vehicle. The other 
is a corooration-funded project, a proto- 
type of which is supposed to be ready 
for tests in July. 

Despite government contracts awarded 
to competition, the division is pressing 
development of a canard-type VTOL 
aircraft with four tilting engines, one 
at the tip of each wing and canard sur- 
face. McCowen said he hopes to start 
construction of a prototype this year 
and begin flying it in 1963. There is 
some hope of government support. 
Douglas has purchased the design rights 
and test data of the Doak V7.-4DA 
which also was based on the tilt-engine 
concept. 

The firm is not yet committed to the 
ducted fan propulsion used in the Doak 
and may decide in favor of unshrouded 
propellers. McCowen sees a S4-billion 
market in this field during the next 10 
years and a much larger one in the 
1970s. Nearly half of the sales in the 
first decade are expected to be to the 
military. 

The division will need a new produc- 



tion program soon. New DC-8 orders 
continue trickling in but at present 
only 21 remain to be built. The only 
military aircraft still in production is the 
A4D which will not be phased out be- 
fore the end of 1963. 

McGowcn predicted that Douglas 
will become progressively more involved 
in Europe and elsewhere overseas. He 
would not specify what sort of involve- 
ment he expects but said there probably 
will not be many more marketing agree- 
ments such as those under which Doug- 
las formerly sold the Sud Aviation Cara- 
velle and intends to sell the Piaggio- 
Douglas PD-S08. McGowcn said that 
after thorough study of aircraft indus- 
tries in many foreign countries, Aircraft 
Division executives are convinced they 
can match European prices despite an 
adverse 5-to-l employe pay ratio. Fac- 
tors working against European com- 
petitors include higher bank loan inter- 
est rates, higher equipment prices and 
other high overhead costs. 

MSSD Structure 

MSSD Vice President and General 
Manager Charles R. Able said that the 
division will have a mixed functional- 
project type of structure. Functional 
groups are divided according to their 
specialized fields such as structural engi- 
neering. operations research, ground sup- 
port equipment, etc., and deal with anv 
number of projects. Project groups arc 
segregated from the rest of the organi- 
zation to conduct a single missile or 
space vehicle program without the dis- 
traction of other projects. Able pointed 
out that Douglas has used some mix- 
ture of functional and project organiza- 
tional structures for several years. 

In the new organization a “matrix 
approach" is generally applied to the 
administration of projects. This means 
that program offices reporting to a di- 
rector of programs are created to draw 
man-hours of specialized effort from 
each functional group. Every functional 
group is represented in each program 

The program office provides an ad- 
ministrative core if it should ever be 
advisable to split off a separate, project- 
organized program subdivision. An ex- 
ample now in existence is the Skybolt 
Systems Subdivision. It was created be- 
cause Skybolt has reached an advanced 
stage of development and needs the 
single line of management authority 
from the division general manager whicii 
a project-type organization offers. It is 
housed in quarters separated from the 
functionally organized division and in- 
cludes all the division personnel work- 
ing on the program. If the need for 
the subdivision passes, it can be ab- 
sorbed back into the main division. 
Corporation officials say any division 
may set up a program subdivision when 
circumstances justify it. 
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FORGE 
YOUR 
FUTURE 
TOD AY... AT 
LOCKHEED 


Please contact Mr. R. L. Main, in New York City at PLaza 2-0644, March 26-29 


▼ 


Lockheed Aircraft Corporation extends a cordial invitation 
to members of the scientific community to meet with 
managers from several Lockheed Divisions. 

From the ocean depths to the extremes of space, 
scientists and engineers at Lockheed are probing hundreds 
of disciplines. Therefore, in addition to the 
individual challenge, Lockheed offers the stability 
and diversity of a strong organization. 

During the IRE Convention in New York City, 

plan to contact representatives from the following divisions 

to discuss the many opportunities now available. 

AN EQUAL OPPORTUNITY EMPLOYER 

LOCKHEED GEORGIA COMPANY marietta, Georgia 

Aircraft, aerospace and nuclear products, cargo equipment. 

LOCKHEED CALIFORNIA COMPANY burbank, California 

Aircraft, missiles <£• spacecraft, infrared systems, ASW, oceanography. 

LOCKHEED MISSILES & SPACE COMPANY Sunnyvale, California 

Missiles, satellites, space vehicles, systems management. 

LOCKHEED ELECTRONICS COMPANY plainfield, new jersey 

Aircraft, missiles and industrial electronics. 

LOCKHEED PROPULSION COMPANY bedlands, California 

Rocket engines, propellants. 



Precision 


Switches 



HEW “402EH” SERIES COHTAIHS TWO SEALED-IH SPOT CIRCUITS 


The switch above is only .688 inches in diameter but it is 
completely sealed against changes in environment and 
contains two 7-amp., single-pole double-throw basic 
switches. Its small size saves space— without sacrificing 
switching efficiency— and offers new design possibilities 
wherever space is of vital importance. 

All the switches in the "400EN" Series (see below) are 
extra-rugged space misers created for limit switch appli- 


cations in aircraft, missile and ground equipment. The 
switching elements are sealed in, protected against the 
most severe environmental conditions, vibration and 
shock. Series "400EN" meets the immersion require- 
ments of MIL-E-5272. A variety of actuators and circuitry 
is available. 

Get complete information. . . . fast. Our branch offices 
are listed in the Yellow Pages. Or write for catalog 77. 



Honeywell 

MICRO SWITCH Precision Switches 


MICRO SWITCH, FREEPORT, ILLINOIS 
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Aerospace Unions United in Goal 
Of Workers’ Economic Security 


By Katherine Jolinscn 

Washington-Economic security for 
workers in the aerospace industry is the 
overriding objective of the Interna- 
tional Assn, of Machinists and United 
Auto Workers, who will present a 
united front in negotiating contracts 
with 21 firms this year. 

Fifty-six aerospace plants and 32 mis- 
sile site contracts are involved (AW 
Feb. 19, p. 33). 

The AFL-CIO unions' bargaining 
program, spelled out in general terms 
following a conference here of 300 local 
and international leaders, also calls for 
wage increases, additional fringe bene- 
fits and measures to strengthen union 
security, including extension of the 
union shop throughout the industry. 
Only about one-third of the industry 
now has union shop provisions. 

Management generally is passive to 
the unions' call for a presidentially ap- 
pointed labor-management committee 
to work out an approach to the in- 
security problem in the industry. This 
problem has been heightened by the 
recent lay-off of 2,500 workers at the 
Martin-Marietta Corp.’s Baltimore 
plant, an 11,000 slash in employment 
at the General Dynamics/ Convair As- 
tronautics plant at San Diego. Calif, and 
continuing lay-offs at the rate of about 
-100 a month, and the expected lay-off 
of 1 3.000 workers at the Farmingdalc. 
N. Y., plant at Republic Aviation 
Corp.. starting next month. 

Republic Is First 

Bargaining at Republic, which was 
under way last week, launched the year’s 
negotiations. It will focus attention on 
the unions' demand for economic 
security. 

IAM-UAW proposed alternative ap- 
proaches: 

• Establishment of an industry-wide 
lay-off fund based on contributions by 
employers and insured by the federal 
government, after the pattern of the 
railroad industry. Leonard Woodcock. 
UAW vice president, emphasized to 
the conference that the problem “can- 
not possibly be met company by com- 
pany." At Martin, he said, benefits 
were depleted bv the first lay-offs of 
low-seniority employes and that “when 
it came to laying off 20-vear employes, 
there were just a handful of pennies 
left. . . ” 

• Reimbursement of contractors by 
government procurement agencies for 
supplemental unemployment benefits 
and separation payments sufficient to 
tide workers through job shifts. The 


unions consider the $300 maximum 
lay-off benefit in the aerospace industry 
completely inadequate, and compare it 
with the $7,200 maximum benefit of 
U. S. Rubber Co. 

The President shortly will appoint a 
governmental task force, to be headed 
by Secretary of Labor Arthur Goldberg, 
to establish national policy' on reim- 
bursement of government contractors 
for job security and strike costs. Gold- 
berg has said that legislation banning 
strike costs on government contracts, 
introduced by Rep. Frank Kowalski 
(D.-Conn.). is "a glib answer” to a 
complicated problem. Government 
policy has been to let contractors write 
off about 75% of strike costs against 
contracts. 

Industry-Wide Bargaining 

Company managements expect the 
union in their negotiations to make a 
major drive toward industry-wide bar- 

G filing, which has given organized 
jor its great strength in the auto- 
mobile and steel industries. 

Woodcock noted that UAW has 
achieved more favorable contracts with 
two aerospace divisions of General 
Motors Corp. than in the aerospace in- 
dustry generally because of the union's 
strength in the automobile field. Maxi- 
mum lay-off pay at the AC Spark Plug 
Division and the Allison Division 
amounts to about 75% of regular pay 
up to 52 weeks, compared with the 
$300 severance settlement in the aero- 
space industry, he said. 

The drive to achieve an industry-wide 
bargaining position is expected to con- 
centrate this year on the big West 
Coast companies, where contracts start 
coming up for renewal in May with 
Aerojet-General Corp. and then North 
American Aviation. 

Initial steps are being taken by West 
Coast managements toward a unified 
approach to the demands of the united 
labor front. The companies will particu- 
larly resist proposals which would lead 
to industry-wide bargaining, and give 
the unions the power to shut down the 
entire industry at one stroke. 
Anticipated Moves 
Managements expect the unions to 
push for inter-company transfer of re- 
tirement benefits and preferential hiring 
of the laid-off workers of one company 
by another. While abetting the unions' 
objective of economic security, these 
measures would also pave the way for 
industry-wide bargaining by establishing 
an interchangeability of workers among 
companies. 


During the last round of negotiation 
in 1960, aerospace managements, con- 
fronted for the first time with a united 
labor front, informally agreed to work 
together to resist demands. 

United Aircraft Corp., convinced that 
the unions were encroaching on man- 
agement prerogatives, decided to fight, 
but aerospace companies on the West 
Coast and elsewhere generally negoti- 
ated compromise agreements. As a re- 
sult, the union position at United now 
is very weak, and substantially stronger 
in the rest of the industry. 

Prolonged Strikes 

Tire result of United's approach was 
prolonged strikes at seven or its plants 
over a three-month period and a cost 
to the company estimated at around S4 
to $3 million. The total cost of the 
strike at one United plant-Pratt &• 
Whitney Aircraft Division-was $10 
million, of which United had to bear 
$2.3 million. After losing their 1960 
strike, employes at the Sikorsky Aircraft 
Division of United voted to decertify 
UAW. and the Teamsters union, 
headed by Jimmy Hoffa, gained a foot- 
hold. Teamster officials are candid 
about their interest in moving into aero- 
space industry plants when and if the 

In the rest of the industry represented 
by IAM and UAW, only two significant 
work stoppages occurred during or since 
the 1960 negotiations. One was a 
month-long strike at the Sunnyvale, 
Calif., plant of Lockheed Aircraft Corp. 
The other was a five-month strike of 
17-1 workers at the Caldwell. N. J.. 
modification plant of Curtiss-Wright 


Rolls-Ro\ r ce Loses 
Income Tax Appeal 

London— Rolls-Royce. Ltd., must pay 
income tax on nearly $3 million paid to 
the firm by various foreign governments 
and companies for its technical know- 
how. House of Lords ruled. 

The House dismissed appeals by 
Rolls-Royce from four orders previously 
made by the Court of Appeal. The case 
involved Rolls-Royce license agreements 
for aircraft engines between 1946-1953, 
in which a large number of drawings 
and other information were supplied. 
Rolls and a Chancery Court had held 
that receipts from these agreements 
were capital funds and not subject to 

Agreements with Nationalist China, 
France, the United States, Belgium. 
Sweden, the Argentine and Australia 
were made, the House of Lords said, be- 
cause the company could not hope to 
sell engines in these areas without li- 
cense agreements, thus exploiting its 
capital assets. 
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In Minuteman second stage 


| Titanium j rocket case reduces weight 30%, 
boosts rigidity and reliability 


Aerojet General Corporation has selected 
titanium for second stage Minutcnum 
rocket motor cases as the fastest, most 
economical and reliable way of reducing 
the inert weight of this massive part. 

Light-weight titanium (density 0.163 
Ib./cu. in.) can be used in section sizes 
which prevent buckling failures. To 
achieve equal buckling resistance, use of 
steel would impose a 30% weight penalty. 

Titanium is immune to atmospheric 
corrosion. 

High strength-to-weight. Titanium al- 
loy grade Ti-6A I -4 V is heat treatable to 
160,000 psi tensile strength, with elon- 
gation in the range of 10 to 15%. Its 
weldability and total reliability is demon- 
strated both in elevated temperature ap- 
plications (including 7000 jet engines) 
and cryogenic temperature applications 
(including 4000 pressure vessels). 
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Applicable to current programs . . . 

Ample titanium mill capacity and the 
network of fabricators experienced in 
handling this grade guarantee a steady 
supply of parts should the program be 
accelerated. Since steel tooling and test- 
ing technologies are largely applicable, 
titanium has been introduced into the 
Minuteman program with no schedul- 
ing penalties. 

Decreasing cost. The completed tita- 
nium cases cost slightly more than the 
alternate steel versions — but the differ- 
ential vanishes under the impact of the 
30 percent weight reduction titanium 
provides. 

Ease of fabrication. Titanium is not as 
sensitive to weld porosity as steel. There 
is no need for pre- or post-heating of 
the titanium weld area. 


How to use TMCA information re- 
sources ... if you need information 
on titanium fabrication techniques or 
competent fabricators, write TMCA’s 
Technical ServiceDepartment.Titanium 
can solve your weight problems. 


TIMET 


TITANIUM METALS 
CORPORATION OF AMERICA 


NtVf YORK - CLEVEIAHO - CHICAGO - MILAS - tOS ANGELES 



Light-Twin Adaptive Autopilot Marketed 

By David A. Brown 

New York— Adaptive electronic auto- 
pilot for light twin-engine aircraft, de- 
veloped by Minneapolis-Honeywcll 
Regulator Co. after extensive work with 
high-speed research aircraft autopilots, 
will be marketed under the Bccchcraft 
trade name by Beech Aircraft Corp. 

Designated the H-14, the autopilot 
consists of a transistorized computer, 

(light controller and three identical 
pneumatic servos in its basic form. It 
is capable of controlling twin-engine 
aircraft without being adapted to the 
peculiar flight characteristics of each. 

Federal Aviation Agency certification 
has been completed with the autopilot 
installed in the Beech Baron and is 
pending on the Beech Queen Air and 
C18S as well as the Cessna 320 Sky- 
knight and 310. Beech will offer tlie 
unit cither for customized factorv in- 
stallation or as a retrofit item. 

The basic H-14 weighs 24.3 lb. Op- 
tions. including ILS and omni tracking, 
trim servo, trim switch, altitude con- 
trol. course selector and back course 
ILS switch add 6.9 lb. to the weight. 

Beech will retail the autopilot, fac- 
tory installed in the C1SS, Queen Air 
63 or 80 and the Baron for S7.975 in 
the basic form. With altitude control, 
the factory installed price will be 
S8.675; with altitude control and auto- 
matic pitch trim, it will be S9.330 and 
with the addition of an ILS coupler to 



FLIGHT CONTROLLER of H-14 autopilot, shown here mounted on the console of a Cessna 
310. consists of pitch control wheel under the pilot's thumb, pitch Win indicator above it. 
turn knob and ILS, altitude and autopilot engage switches. Trim indicator shows amount 
of electrical misW'm when the system is not engaged and the amount of elevator W'm 
after engagement of the H-14 autopilot. 
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THE FUTURE IS AT 

MCDOIMIMELL 

WHERE ENGINEERING 

CONCEPTS ARE MOVING... 
...Men into Space 
...Aircraft to New Records 
...Design Beyond the 

State of the Art 



fill be 



other optional additions, it \v 
S9.975. 

Beech also will offer a retrofit kit at 
a price to be determined. 

Earlier announced suggested retail 
price of S5.48S not installed was re- 
vised after a determination of certifica- 
tion and development costs by Beech. 

Main difference between the H-14 
and conventional electronic autopilots 
is the former’s ability to adapt itself to 
the various conditions and flight char- 
acteristics it will encounter on various 
type aircraft. 

Electronically able to note move- 
ments of the aircraft and to devise 
corrective maneuvers for them, the 
autopilot responds to rate of change of 
the aircraft itself, rather than to the 
movement of the control surfaces, in 
determining what it should do. 

All data fed to the computer, with 
the exception of optional altitude hold 
mode and ILS or omni data, comes 
from pickoffs of the standard panel- 
mounted horizon, directional and tum- 
and-bank gyros. The system can op- 
erate with either three- or five-inch di- 
rectional gyros. For this reason, the H-14 
does not require air data (speed, dy- 
namic pressure or pressure altitude) to be 
able to correctly control the aircraft. 
The autopilot, based on systems devised 
for research aircraft which were to fly 
into areas where external conditions 
either changed rapidly and varied 
widely, or else could not be accurately 
predicted, has an electronic standard of 
performance built in and adjusts its con- 
trol signals to the aircraft to achieve 
this standard. 

Performance standard built into the 
computer is based largely on work done 
by Cornell Aeronautical Laboratory and 
the National Aeronautics and Space 
Administration as well as Minneapolis- 
1 loneywell to determine the responses 
desired by the majority of pilots. This 
idealized standard was built into the 
computer and, as a result, the 11-14 is 
oriented more to the pilot’s desires than 
to the needs of the aircraft. 

This tends to eliminate the need to 
adjust the 11-14 with different model 
aircraft. Also eliminated is the need 
to adjust the autopilot for maximum 
perfonnancc at an optimum altitude, 
since it continuously monitors and ad- 
justs aircraft performance without re- 
gard to outside air data. 

The basic H-14 provides: 

• Three-axis stabilization and control. 

• Full-time yaw damping and turn 

• Pitch mid roll attitude command. 

• Automatically synchronized heading 
control. 

• All-attitude engage capability. 

• Full-time single-engine recovery in 
turns as well as in level flight. 

Options available with the H-14 per- 
mit fully automatic ILS localizer, ap- 


proach and glide path coordination. The 
H-14 brackets and tracks the localizer 
beam inbound, anns the glide slope 
coupler and, when the glide beam cen- 
ter is intercepted, uncouples the alti- 
tude control, then engages, brackets and 
tracks the glide slope beam to a final 
flarcout position. The pilot’s only task 
is to lower the w'heels, adjust the flaps 
and control the engines. 

Other options provide for altitude 

automatic pitch trim. 

The computer for the 11-14 consists 
of six printed circuit cards, which arc 
designed for easy removal to facilitate 
maintenance. The cards cannot be 
plugged into the computer in an in- 
correct position. 


The flight controller has only five 
controls and one indicator. Minneapolis- 
I loneywell claims that, as a result of 
extensive human factors studies aimed 
at devising controls that are easy to see, 
understand and operate, both the pos- 
sibility of error and the time required 
to operate the system are reduced. 

The controller consists of a pitch 
indicator and pitch control wheel and 
off/on switches for autopilot engage, 
altitude hold and ILS engage. Three 
mode switches are internally lighted. 

With the autopilot engaged, the air- 
craft may be maneuvered through 20 
deg. up or down pitch and 40 deg. left 
or right turn with the pitch and turn 
controls. Turns are fully coordinated 
and rudder damping is in effect when- 
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ELECTRONICS & SPACE 

ENGINEERS 

New long-range contracts at Ryan 
have created to p-salaried opportunities in sunny San Diego 



Ryan is on the move! New contracts call for years of research, design and 
development work on such space age projects as radar altimeters for the 
Surveyor lunar soft landing vehicle and the Saturn launch vehicle. Ryan 
Electronics is also the world leader in Doppler navigation systems, as well 
as in the field of space guidance and control. If you are a career engineer 
interested in a top-salaried job with stable, diversified Ryan ... if you 
would like to live in cool, sunny San Diego on the blue Pacific where the 
living is America's finest. . . Send resume in complete confidence to: 
JAMES C. KERNS, Ryan Aeronautical Company, 5650 Kearny Mesa Rd„ 
San Diego 12, California. 


RYAN 

^^mum 

ELECTRONICS 


ever the 11-14 autopilot is engaged. 

Control surfaces are moved by low 
pressure pneumatic servos, consisting of 
dual magnetic air valves and pneumatic 
rolling diaphragm actuators. Servos op- 
erate on only 10-15 psi. air pressure 
supplied by the engine-driven vacuum 
pump. Use of this type servo eliminates 
the need for an override clutch. The 
servos provide effective control at both 
high and low speeds. 

Fade-in of servo authority prevents 
harsh control movements even if the 
autopilot is engaged inadvertently 
while not synchronized. Tire pilot will 
have time to note the incorrect move- 
ment and adjust the autopilot without 
disengiging it. Minncapolis-Honcywcll 


Optional Device 

The autopilot is accurate to within 
one degree of heading and within plus 
or minus 20 ft. of pressure altitude. 
Altitude is sensed by a trapped air 
device which is optional with the com- 
puter. 

Minneapolis-Honeywell engineers say 
the autopilot has displayed its ability to 
maintain aircraft heading during engine 
failure on takeoff at V„. 

The IT-14 also has successfully flown 
a Bell Model 47 helicopter during ex- 
perimental flight test work conducted 
by the Canadian National Aeronautical 
Establishment at Ottawa. 


FAA Proposes Changes 
In License Procedure 

Federal Aviation Agency has pro- 
posed a sweeping reorganization of its 
rccords-keeping system which would 
require that all licenses granted to air- 
men by the FAA be renewed every 

The new system, which the FAA 
hopes will go into effect in 1965, will 
make use of automatic data processing 
concepts. Information and records on 
civil aircraft also will be maintained by 
the system, based at the FAA's Aero- 
nautical Center located in Oklahoma 
City. 

Under the proposed system, FAA 
will require the holder of any certificate 
—pilot, mechanic, controller or any 
other type— to renew it within two years 
after the new system is put into opera- 

No examination will be required for 
a new certificate. The holder would 
have only to complete and submit a 
standard application. 

He then would receive a plastic card, 
similar to commercial credit cards 
which would list: 

• All ratings held by the individual. 

• Medical examination findings, restric- 
tions and expiration date. 

• Social Security number of the holder. 


The card would be valid for two years 
and could be renewed without examina- 
tion anytime up to two years after it 
expired. After the two-year grace period, 
a practical examination would be re- 
quired. 

Renewal of all ratings and privileges 
would be automatic each time the 
holder passed a medical examination, 
even for those ratings which do not re- 
quire the passage or such an examina- 

Although there arc requirements for 
medical examinations and for main- 
taining proficiency, there is, at present, 
no method of keeping the record sys- 
tem up to date. 


PRIVATE LINES 


Full-scale fuselage mock-up of Aero 
Commander Model 1121 twin-jet busi- 
ness plane will be built by the company 
for cross-country sales tour in May. 
The mock-up will be transported on 
a tractor-trailer. 

Service for the Potcz 840 will be pro- 
vided by Qualitron Aero, Inc., Burbank, 
Calif., Gopher Aviation, Rochester, 
Minn., and Atlantic Aviation, Wil- 
mington, Del., according to Tttrbo- 
Flignt, Inc., distributor for the French- 
bunt executive aircraft. 
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There are n points on a circle. A straight line segment is drawn 
between each pair of points. How many intersections are there 
within the circle if no 3 lines are collinear? —Contributed 
Looks like this year’s IRE, The Golden Age of Electronics, will 
easily attract more than 65,000 to New York's Coliseum. We 
will be in attendance with a large sampling of the latest advances 
in the Litton component line from: Litton Systems, Westrex, 
Airtron, and Electron Tube Division, Triad, USECO, Aero 
Service and Potentiometer Divisions. Hope to see you March 
26th through 29th. 

ANSWER TO LAST WEEK’S PROBLEM: 5562 seconds. 

m LITTON INDUSTRIES, INC. 

Beverly Hills, California 


AIRCRAFT SERVICE MANUALS ENGINEERS 

Attractive openings at AIRLIFT CENTER U.S.A. 


Located eight miles from beautiful Atlanta 

It you are experienced in the preparation ot technical manuals (operation, main- 



An Equal Opportunity Employer 
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INTERVIEWS NOW ARE BEING 
CONDUCTED FOR THESE POSITIONS 

Sr. Design Engineer— Supervision of a group in 
design of solid rocket motor components. Re- 
quires professional degree and a minimum of 
5 years rocket design experience. 

Engineering Analyst -Systems Design. To for- 
mulate mathematical models of systems engi- 
neering problems and implement solutions by 
analytical techniques. Requires degree with 
solid mathematical foundation and 2 years de- 
sign or systems experience. 

Solid Rocket Project Engineers — Participate in 
all phases of solid propellant rocket development 
with emphasis on design, processing, and test- 
ing of large solid rocket engines. Excellent growth 
potential. Requirements include an engineering 
degree plus 5 years experience in rocket engine 
development. 


Is there a future for you with UTC? 


Senior Engineering Specialists — Originate ad- 
vanced design, analysis, and evaluation of liquid 
and hybrid rockets, systems, and components. 
Will organize and arrange proposals and presen- 
tations. Requires engineering degree plus a mini- 
mum of 8 years creative and original analytical 


Are you an engineer or scientist with a record of achievement? 
Would you enjoy applying your talents to major programs in ad- 
vanced propulsion — large segmented solid propellant rocket engines, 
hybrid rocket engines and storable high energy liquid propellant 
engines? 

Would you find it stimulating to work directly with recognized pro- 
fessional leaders at a modern multi-million-dollar complex, where 
you could avail yourself of the very latest techniques, methods, ideas 
and equipment? 

Would you appreciate living in the San Francisco Bay area, which 
features “West Coast living” at its finest? Plus the possibility of 
financial gain if you can give evidence of real creativity and initiative? 
This is what the future holds at UTC. If you are interested, we invite 
you to contact J. W. Waste, Dept. 10-A, United Technology Cor- 
poration, Box 358, Sunnyvale, California. All replies treated in strict- 
est confidence. 


work. 

Aerothemo Specialist— Will perform heat trans- 
fer thermodynamic and aerodynamic studies on 
rocket motors, develop new methods of analysis 
and design tests. Will consult with designers and 
project engineers on major engine programs. 
Requires masters degree in mechanical or aero- 
nautical engineering and 4 years experience in 
thermodynamics and heat transfer. 

Quality Control Engineer— Monitor rocket casing 
preparation, hardware, handling equipment, pro- 
pellant processing. Requires engineering degree 
plus 2 years experience. 

Propulsion Engineer- For analytical studies of 
solid and liquid propulsion systems. Requires 
degree with extensive mathematics, thermo- 
dynamics and fluid mechanics background. 
Positions also for process operations supervisors. 
All qualified applicants considered without 
regard to race, creed, color or national origin. 


PRODUCTION BRIEFING 


Italian government received its first 
Lockheed F-104C which will sene as a 
prototype for other F-104Gs to be man- 
ufactured in Italy for NATO forces 
(AW Julv 17, 1961, p. 109 and AW 
Sept. 11,' 1961, p. 96). Lockheed will 
ship additional l'-I04Gs to Italy for 
reassembly at Turin by Fiat, prime con- 
tractor for the aircraft in Italy. 

Avions Max Holstc, following the de- 
parture of company founder Max 
Ilolste, has changed its name to Reims 
Aviation. Cessna Aircraft owns 49% 
of Reims Aviation. Nord Aviation, 
French state-owned airframe and missile 
company, owns another large block of 
Reims Aviation stock. 

Collins Radio Co.. Dallas, Tex., re- 
ceived a S3. 5-million letter contract 
from USAF’s Ballistic Systems Division 
covering retractable Hr antennas and 
survivablc UHF dipoles for use in hard- 
ened missile sites. Collins also received 
contracts from USAF totaling $2,947,- 
732 for airborne equipment including 
one for $1,183,216 of VHF-VOR com- 
munication-navigation items, S5S3.1 4S 
for horizontal situation indicators, 
$589,000 for amplifiers. S303.1S8 for 
HF voice communications and $287,- 
1S0 for flight director computers. 

Number two prototype of Breguet’s 
twin-engine ASW aircraft, the Atlantic, 
has made its first flight. Initial proto- 
type has been flying since October. 
Breguet says work on number three 
prototype is well advanced and tooling 
for production models is being set up. 

Protection, Inc., of Los Angeles, will 
design and fabricate a prototype "total 
environment” space suit intended to 
afford complete protection for a space 
traveler from takeoff until recovers-. The 

546.000 prototype contract was awarded 
by National Aeronautics and Space Ad- 
ministration’s Manned Spacecraft Cen- 
ter at Houston, Tex. 

Beech KD2B-1 liquid-fueled missile 
training target achieved a record speed 
in excess of Mach 2 and altitude above 

70.000 ft. following a recent test launch 
bv a Nan- McDonnell F31I-2 fighter at 

33.000 ft. The KD2B-1 flew a nearly 
perfect mission of 12 min. duration, 
according to test officials, and showed 
good directional control and stability in 
all configurations. 

Ryan Aeronautical Co., of San Diego. 
Calif., has received a $7. 3-million order 
from the Navy for additional produc- 
tion of more than 200 Q-2C Firebee 
jet target drones. 


lAh $m/itation to • • • 

PHYSICISTS 
MATHEMATICIANS 
AND ENGINEERS 


ijitotii - M. I. T. 



The Laboratory's staff of over 1000 under the direction of 
Dr. C. Stark Draper is engaged in the conception and perfection 
of completely automatic control systems for the flight and 
guidance of missiles and space vehicles. Its achievements 
include the Navy Mark 14 Gunsight, the Air Force A-l Gunsight, 
Hermetic Integrating Gyros (HIG), and the Ship Inertial 
Navigation System (SINS). The Laboratory developed basic 
theory, components and systems for the Air Force THOR and. 
later, the TITAN missile. Other accomplishments include the 
Navy's POLARIS Guidance System. 

Recently, the Instrumentation Laboratory was selected by 
NASA to develop the guidance navigation system for the moon 
space craft project. APOLLO. 

Research and Development opportunities exist in: 


• ANALYSIS OF SYSTEMS AN0 COMPONENTS 

• HIGH PERFORMANCE SERVOMECHANISMS 

• POWER SUPPLIES AND MAGNETIC AMPLIFIERS 

• DIGITAL AND ANALOG COMPUTERS 

• ELECTRO MECHANICAL COMPONENTS 

• TRANSISTOR CIRCUITRY AND PULSE CIRCUITRY 

• RESEARCH. DESIGN AND EVALUATION OF 
GYROSCOPE INSTRUMENTS 

• COMPUTER PROGRAMMING AND SIMULATOR STUDIES 

• OPTICS, ASTRONAUTICS AND MANY OTHER AREAS 


C All OR WRITE HOWARD 


/. MUIERM, PERSONNEL OffICER 


INSTRUMENTATION LABORATORY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
68 ALBANY STREET Bldg. 3W • CAMBRIDGE 39, MASS. 
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systems 

analysts: 

Quantify the complex 
on important projects 
at Hughes! 


craft), SYNCOM (synchronous communi- 
cations satellites), ARPAT (terminal anti- 
ballistic missile defense system), BAMBI 
(anti-ballistic missile defense feasibility 
study). These are a few of the many im- 
portant and complex projects under de- 
sign, development and study at Hughes. 
Because of these projects and others 
important to the nation's defense, pre- 
paredness and space effort, Hughes of- 
fers more opportunities to Systems An- 
alysts than ever before. 

Involved with these positions are the con- 
sideration of many basic problems such 




Vertol Division of Boeing, H the world-famous aerospace company, and winner of more 
military design competitions in the transport helicopter category than any other manufacturer, 
.continues to lead in engineering and product performance. ■ Accelerated growth during 1961 
has created several top level openings in our technical staff for candidates who possess 
demonstrated leadership capabilities. ■ Your opportunity for personal progress may be here. 


FLIGHT TEST MANAGEMENT. Responsible positions imme- 
diately available in three key areas: Flight Test Operations, 
Plans and Programs, Facilities and Support Services. 

PROJECT STRESS. Structural analysis of all helicopter 
components with the exception of rotor and drive systems 
on all model helicopters. 

ROTOR STRESS. Rotor component stress analysis including 
analysis of loads on new designs for rotor blades, controls 
and hubs. 

ROTOR DESIGN. Layout and production drawings of heli- 
copter rotor systems. Complex mechanisms and kinematics 
experience required. 

TRANSMISSION DESIGN. Execution of layout and produc- 
tion drawings of helicopter drive systems. Experience in 
aircraft power transmission equipment including design 
and stress of components, forgings, gears and bearings. 
HYDRAULIC SYSTEMS. Design, analysis, development, 
and testing of electro-hydraulic servo systems experience 
required. 


ELECTRICAL DESIGN. Electrical system development 
experience required. Responsible for design of aircraft 
electrical systems including selection and installation of 
electrical and electronic components. 

DEVELOPMENT ENGINEERING. Dynamic component design 
and improvements including participation in the prepara- 
tion of proposals. 

PRELIMINARY DESIGN. Studies of advanced ASW systems 
involving helicopters and VTOL aircraft including integra- 
tion of components into ASW systems. 

AERODYNAMICS. Rotor: Plan wind tunnel tests and data 
analysis. Derive improved analysis of advanced rotor 
aerodynamics. Performance Analysis: Fixed or rotary wing 
experience in performance analysis, including coordination 
of flight test programs. 

RESEARCH AND DEVELOPMENT. Aerodynamics: Studies in 
fundamentals of rotary wing, V/STOL and GEM aero- 
dynamics in the areas of boundry layer theory, unsteady 
aerodynamics, downwash, etc. Fatigue: Research fatigue 
studies with special emphasis on fatigue crack propagation. 


Each of these positions is a rewarding career opportunity; salaries range from $12,000 to $17,000 per annum 
for those who possess an appropriate academic background and directly related experience. Boeing's Vertol 
Division is located in an attractive suburban Philadelphia setting. Forward your resume in complete confidence 
to: Mr. Frank J. Skahill, Supervisor Professional Employment, Box E-102. 


OTHER BOEING DIVISIONS: AERO-SPACE, INDUSTRIAL PRODUCTS, SEATTLE, WASHINGTON;/ TRANSPORT, RENTON, WASHINGTON; /WICHITA, KANSAS 


NEW YORK INTERVIEWS MARCH 19 and 20. 

Applicants desiring interviews in New York 
City are invited to call Mr. Edward G. Wright 
at PLaza 5-1235 on these dates. 
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Beating the Egg (as a pressure vessel) 





that's the word at Thiokol . . . 

. that's the promise for YOU 

The mightiest solid propellent motor that has been flight- 
tested, the largest solid propellant engine now in 
production, has been created by the engineering and 
scientific team at Thiokol Chemical Corporation. It is 
the first-stage Air Force MINUTEMAN ICBM which has 
a record of nine successful firings in nine tests . . . 
convincing Solid Reliability. 

This is the Solid Reliability you'll find at Thiokol ... the 
sturdy foundation on which you can build a solid 
professional career. 

The conquest of space and the quest of bigger and 
more powerful missiles point to new emphasis on solid 
propellants and Thiokol. 

If you can qualify.we invite you to join the team that 
has pioneered and set the pace in the solid propulsion 


why Thiokol? 



■mists - Engineers - Metallurgists 
Is - Mathematicians -Statisticians 


out what Thiokol has to offer you, please send 
with salary requirements to Mr. Noel Murray, 
sor of Employment, Dept. 324 
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LETTERS 


Ejection Survivors 

You inav remember tliat recently a 
presentation was made to James Martin at 
lire Dorchester to commemorate the sOOth 
life saved by the Martin-Raker seat. 

We have received moderate response to 
the circular letters we issued to cjectces and 
the time has now come to round things 
off. 

We wondered therefore if you would 
he kind enough to consider assisting us by 
putting the following notice in your maga- 
zine as soon as convenient. 

A vellum hook is under construction con- 
taining the names of all those who have 
used the Martin-Raker scat. In order that 
no names arc omitted a positive and uni- 
versal response is urgently required to the 
circular letters issued by the organizers of 
the Presentation. 

Will those who have not responded 
kindlv do so as soon as possible and will 
all other ejcctecs who have not been con- 
tacted please write to Commander D. P. 
Norman, A.F.C., R.N., Commander living. 
R.A.E. Rarnhorougli. Hants. England. 

A. W. Braironn 
Chief Test Pilot 
Hawker Aircraft Limited 
Dunsfold Aerodrome 
Godahning, Surrey 
England 

Orbital Procedures 

lire recent launch postponement, the 
eighth (AW Ech. 5. p. 201 in NASA’s 
first attempt to orbit astronaut John Glenn, 
prompts the writer to offer a few brief re- 
marks concerning the launch delay problem 
as it will affect future (Gemini. Apollo, 
Dyna Soar) space projects. 

The eight announced delays are of course 
unfortunate for all concerned hut must be 
expected due to the unforeseen problems 
arising in the nation’s first manned space 
project and the earnest desire that it be a 
success. Experience and improved tech- 
niques will eliminate many of the present 
reasons for launch delays of the one-stage 
Atlas/Mcrcury MA-6 capsule. Future Mer- 
cury capsules may have reduced launch de- 
lays associated with them. But the follow- 
ing questions can be asked: 

(a) What will lac the probable launch 
delay period for the far more complex 
manned vehicles of the future having three 
or more crew* members and from two to 
three rocket stages for the Apollo earth- 
orbit rendezvous mode (or up to five-seven 
for "projected” Nova direct flights)? 

(b) What additional direct operating 
costs will be incurred because of these 
launch delays? 

(c) What additional pavload penalties 
will result if precise launch-on-time does 
not occur as dictated by carth-orbit-rendez- 
\*ous or direct-lunar launch window Condi- 

Space is not available in this letter to 
present a detailed answer to each of these 
questions. However, the writer docs rec- 
ognize that major effects of these problems 


Aviation Week welcomes the opinions 

letters to I lip Editor. Aviation Week. 
330 W. 42nd St.. New York 36. A. V. 
Try to keep letters under 300 words and 
give a genuine identifieation. We Kill 
not print anonymous letters, but names 
of ivriters tcill be withheld on request. 


can be minimized through use of three 
key orbital operations procedures as follows: 

A. Use of rendezvous compatible orbits 
(RCOs) to provide convenient twice-daily 
synchronism of the launch base with the 
target satellite station or orbital assembly 

B. Implementation of an RCO station- 
keeping system to maintain rendezvous 
compatibility with the launch and recovery 

C. Employment of low altitude parking 
orbits (about 100 nant. mi.), providing 
optimum (in-plane) launch opportunities to 
an RCO constrained orbital assembly base 
(at an altitude of about 262 nant. nii. and 
inclination of 31 deg.). 

In reference to these recommendations, 
proper selection of the orbital altitude and 
inclination combination can provide the re- 
quired synchronism of the orbital assembly 
base with Cape Canaveral such that two 
optimum in-planc launch opportunities per 
day will occur. Many other combinations 
of altitude and inclination may be con- 
sidered. A typical good combination for 
two optimum launch opportunities per day 
is an altitude of 262 naut. mi. and an in- 
clination of 31 deg. for Cape Canaveral. 
Thus a first launch opportimitv with a 
north-going pass will occur at time zero, 
and a second opportunity with a south- 
going pass 3 hr. 8.76 min. later. Successive 
opportunities each clay will occur there- 
after provided the orbital assembly base is 
maintained on this nominal RCO through 
stationkeeping techniques. Stationkeeping 
costs are estimated to be about 32 f/sec. 
per year of characteristic velocity for a 
typical satellite vehicle having an area load- 
ing of 100 lb. per ft". 

Perhaps an even more useful RCO would 
be that having an inclination of about 
33 deg. and an altitude of 264 naut. mi. 
This alternative combination will provide 
two optimum in-planc launch opportunities 
from the Cape with one near-optimum in- 
plane recovery opportunity at Edwards AFB. 

Utilization of this RCO and parking 
orbit launch concept will give improved 
surface-to-orbit launch logistics with the 
following significant results: 

(a) Increased number of launch oppor- 
tunities (maximum of two per day con- 
tinuously). 

(b) Increased number of rescue and re- 
covery opportunities (greater than two per 
day continuously to selected recovery sites 
on land), 

(e) Launch and recovery time periods 
would be fixed and repetitions, thus sim- 
plifying scheduling and operations of ground 
handling crews. 

(d) Launch time delays up to 23 minutes 
or greater would still permit optimum in- 


plane transfers from the launch base to the 
parking orbit and hence to the target orbit 
with no payload penalties. 

It is urged that our future space pro- 
grams employ these concepts to give im- 
proved surface-to-orbit launch logistics. 

Additional information concerning these 
remarks is presented in the following 
Northrop Corp. technical reports: Sum- 
marv Report of Rendezvous Compatible 
Orbits. ASG-T.M-6110, R. S. Swanson and 
N. V. Petersen; Station Keeping of Satellites 
on Rendezvous Compatible Orbits. ASG- 
TM-61-11. R. S. Swanson. P. Soule, and 
N. V. Petersen: and Orbital Assembly and 
Launch for Lunar Operations, ASti-TM- 
62-3, N. V. Petersen. 

Nokm.vn V. Petersen. Chief 
Astro Sciences 

Northrop Space Laboratories 
Hawthorne, Calif. 


Pilot’s Pilot 

Unfortunately, when a member of one 
of the military services expresses his opinion 
publicly, the expression is readily accepted 
by many civilians as the consensus of 
opinion of that militarv service. Let 
me state that I have long held Miss 
Jacqueline Cochran in the highest regard. 
Many of my military friends have expressed 
the same opinion. Her performance in the 
T-38 is enough, alone, to gam the kudos 
of her fellow aviators. The FAI has no 
‘‘aviatrix” complex. Miss Cochran is a 
pilot’s pilot. 

John H. Plumb 

Capt., USAF 

Forbes Air Force Base, Kan. 


Telescope Inventor 

We would like to call your attention to 
an error in the article “OAO May Penetrate 
Ultraviolet Curtain,” p. 75. in the Feb. 19 
issue of Aviation Week. The article de- 
scribed the 12-in. Schwarzschild telescopes, 
noting that they are named for their in- 
ventor, Dr. Martin Schwarzschild of 
Princeton University. 

The "Schwarzschild telescope” was in- 
vented by Professor Karl Schwarzschild, 
who was director of the Astrophvsical Ob- 
servatory, Potsdam, at the time of his 
death in 1917. 

The confusion is understandable since 
his son. Professor Martin Schwarzschild, 
is an esteemed member of the faculty of 
Princeton University and director of the 
Stratoscopc II High Altitude Balloon Tele- 
scope Program. The Department of As- 
tronomy at Princeton is also participating in 
the OAO Program, with a contract to fur- 
nish the No. 3 satellite instrument, a fine 
guidance stellar ultraviolet spectrograph, 
under the direction of Professor Liman 
Spitzer. 

Stephen Kidd 

Assistant Director 

Office of Research Administration 

Princeton University 

Princeton, N. J. 
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CLIFTON PRECISION OFFERS 

SIZE 8 SYNCHROS 

OF GUARANTEED 

5' (■=£.) ACCURACY 



Extreme uniformity and thermal stability 
are maintained in these premium synchros 
in all electrical characteristics— and espe- 
cially accuracy. 

They are high temperature resistant units 
and retain their stable characteristics over 
a temperature range of —55 0 Cto+125°C. 
Exposure to +150°C is feasible for short 
periods of time. 

These are production line units — not se- 
lected. Delivery is in 45 days; prototype 
quantities immediately. 





For additional information, call or write our Sales Department, 5050 State Road, Drexel 
Hill, Pennsylvania, MAdison 2-1000, TWX LNSDWN, PA. 1122(U) — or our Representatives. 


CLIFTON PRECISION PRODUCTS CO., INC. 

Clifton Heights, Pennsylvania 
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Lycoming T53: aerial Jack-of-all-jobs 


ThisistheversatileHUSKiE,theKamanH-43B 
utility helicopter. It'sa rugged, maneuverable 
aircraft, used by the Air Force for pickup and 
delivery of troops and cargo in rough country 
and at high altitudes. One reason for this Air 
Force helicopter’s outstanding capabilities 
and performance is its Lycoming T53-L-1 gas 
turbine. It is compact and lightweight. Runs 



on many fuels. Provides high power per pound 
ofweight.Operatesdependably. And, because 
the entire power turbine and combustor re- 
moves as an assembly, theT53 is easy to main- 
tain. The T53 is one of Lycoming’s growing 
familyof turbines with ratings up to 2400 shp. 
Theirapplications in industryandforthe mili- 
tary are limitless. 
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